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(54) ELECTRIC FIELD LIGHT EMITTING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a light emitting high polymer 
materials useful for a macromolecule EL device, and the light emitting high 
polymer having many kinds of energy band gaps and wide coloring range. 
SOLUTION: The device is constituted with an anode, a cathode, and 
containing light emitting high polymer material arranged between the anode 
and the cathode, and the high polymer luminescent material contains a 
diphenyl anthracene system conjugated polymer expressed with the 
formula. 
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[W*"Jl] xy-F, tfy-F&tf, 
t V- Fir oPpgtiHg$^Lfc^T-^Wi|s(-&-a 

[flsi] 




v-Ss J^^Jl^* 6 ~ 2 8 <DT ]) -JV\> b < f*«J&T y 
— Xf4j^^J®^^:4 ~ 4 0 ro^-r n T D — /vfc b 

< i±em^ pry -a-s&s u 

RsStl«R8f±, zkSf, ^sfcH-T-iS: l ~ 2 

4 ©T^djvi^, mmW^WC 6-28B7H — b < 
i±fi&T y -/WS, ^Hf Jl^F* 4-40 vTV — 
;vh b < f±Kife~r c7!) — /I^K, Xtt->T y 

< f±B&T y xa^^JlT-fc 4-40 C0^ a 

r y —/ufc u < ttsm^^ a r y — /vm&m-j-, ) 

[lt*^2] Ar#S2£JLL©ArgSrg-tr, Wr*Jjl 1 

[ft** 3] ry-K. *y-hm 3 firry- F 
t Sgi* y- Ki ©F B 1('iBBS^^^-*3tW»^ 

(DWan^immx' F-y° £ ttr is t) , S 
fWTtaflfits-r?* § y = -^r y h 9 -t y 
y ^— £-^t? r t zwtikt-tzmmiftrf'^ 
ut 2} 




sff, Sil^t 1 ~ 2 4 07;u^;Ht) L < tt7;i/=i if 
•>m, ^*JST-^6~2 8cory-^t>b<i4gmry 

— /l'S, X i±J^*J® -^Ifc 4 ~ 4 0 <D^r P7J-ML 

< l±E*^r p7 y U 

R=S.t>*R6i4, #^r?4Sz:ic:. 7k«. ^itli^lSa ~ 2 

4 ©TALI'S, j^pSWBH^ 6 ~ 2 8 ©T y — b < 

(4B&r y -a*. rn.mw-.i-m. 4-40 n r y - 



hl< figft^^ b r y — a-s, 3m->T y 

U tUArtt, jK*JS J f-»6~4 0roTy-/l^tib 

< ttBmr y xti^iff If 4~4 0©--fB 
r y— yu%b<iifim^'7 i nr y— ^s^«-To ) 

[0001] 

PsPcit^-tz>n.Rm% (el) fsu^m-fZc 
[0002] 

s##sft (el) 7*-><>(wt, t 1 '^* 

5o «3t^V*— K (LED) frSffllgti, WiSfE 
;ft,SS}5fc5SE Lv=Wy.(cBlAP$tlfc«±roStt(cfe?¥ 

t5, ^roj:5&EL^^;*£iB3£^5OT(;i/l!v^;h, 

it 5 ifegiK)iig(oafi|ro fc * j&rjftj t£m&& v ^ < 
f-f^^M ^rottrofg^ry^ * t b-Cco^ffltt$r^ 
'F#^- £9 fcytn-fe^-h^l'^U^fiJ^&ft 

m-r%o ctn-i. mtt^? 4 ^^mmm^&'o'&g, 

[0003] #s#y-=?— i±, #y -v-^tc^o-CTt 
^^•y ^y-y^^u7rv^5^y -^-co-ar-fe 

T^?y (7i=;vt'=uy) (PPV) ffli5ft*SlS 
^•^/iSBurroughes (c: J; o T E LtiS t bT ^ Hfc 
(Burroughes, J. H. , Nature 1990, 347, 539-41) „ 

PPV, 'gijxii, tf?y (2, 5-i?T/W='#t'-p-7 

x=uyt"ruy) &OMEH-PPV, ^ey[2-y 
(2' ^y*c*//V) -p-y 

[6]_hbfc 0 T&cDjt'&mftT, ^ y 

7l^^-l/y (PF) (Ohmori, Y. etal. , Jpn. J. Appl. 
Phys. Part 2 1991, 20, L1941-L1943) , #y (p-y 
^^W-y) (PPP) (Grem, G. etal., Adv. Mater. 
1992, 4, 36-7) s RIP^D <cf-jf7 ^s) ttff^ftT 

[0004] E Ly*^ *(Dmytm±, r CD^tCtJV ^ 

®mtbK^m&ft&<om*&i&WX'foz> 0 9, io 
- i>r y —^m&MT >- b 5 -tr y tt^jta^iSv •> ^ t 
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3 5, 7 2 m-RTJm%S5, 9 7 2, 2 4 7 -^M lEtt § 
[0 0 0 5] 

[0 0 0 61 

[»M&»^-r§fcfc(D^a] «#3S3t^w^-ffl©if 
mtt^mytttm*Tmmm$;x'm -yy = y 

[0 0 0 7] 

Uk3l 




[0 0 0 8] IftlRu R 2 . RsStfR^ 

(±, mmw^m 4 cot jv^c/u 

X<bb<i4r/y=3-yS, Kil«6~28ffl7y- 

n T y — /vfc b < (4B&— T B7P — A-K3r* U 
Rs.&t>*Ref4, #*3a:£fc, jfcKi, ^H-^l~2 
4 WT/^/Wg, MiHtH^ 6 — 2 8 COT y — /Ufc b < 
ttgmr y —a*, 4-40 go— D7D- 

A'fc b< i4g»— 7 1 P7!) X(4iyr y K£« 
U fUArlt #j*IBH^:6-4 0COT y — /l"bL 
< ttemr y — /WS, x«M*iS^-m 4 ~ 4 0 CO— ^ n 

[0 0 0 9] 

^*-g-*-rs^3ttt*y-v-srSfti-5o /Ky-v-^as 

*cosKfO§feH(rJ;tu #y-=?— frteroBiJtfeSSiGK&t) 

y-v—i±#3ttt^js< s g&^et/«e^3t*mi*5o Ar 

2) 3E7L}4Atft^ffi.#:S^-&i<D^5^^asi: 

3) mTXit3EiL<Dif$imm&fa±.-pZo 



4) ^y-r-CO^fe^igfiStLSo 

5£l {'^LTitffy-^— (4, ^i^Vh^-feylfi: 

y -^-xi±^ * y -v-- efeSo 

[0 0 10] 

[-ft; 4] 




[ooi l] -tsW, liSiSRu r 2 , r 3 rt3-r* 

^t>L< t4gmr y -^s, xi4^*j®^-m4 ~ 4o« 

^fP7P -/i"i> b < i4g&— y cry -/PSSr* u 
Rs&tfRsii, tR*. l^lSlJiffitSc 1 ~ 2 

4 COT/V^ /VS, tfkmm^Wz 6 ~ 2 8 COT y — /Vfe b < 

i4gmr y — j^s^-ifc 4 ~ 4 o to—T" a r y - 
/>vbb<f4gm- 7P7!)^E xi4->rys*« 
U ^"LXAri4, j6fcHtffiffil£6~4 Ocor y— *t>L 
< i4g*r y -/PS, Xi4K^M-f-» 4-40 CO— ^ n 

r y — jv-^ l < (4g&— y a r y — ^s&srt-,, 

[0 0 12] J; "5 *^Klti4, Ri, R 2 , RsS-T^R 

/k y^VK -fyygviy t— y^vK ^y^/K — ^ 

yy/K K-r->/K ^^tf-^K ->y n— 3=-v7k ~y 
?B^yf;K y h^-y, ^f-^-y, 7* h^-y — ^-y 
/y^^y, ^y/i^-^y, y h^yi h^f-y^ 

fvK y bdr-ymgvi^ar-ym i-df- y^y/K y^=- 
/K hy/K t7f;y ^rv-yy, 7yh5ty y^ 
fyH'y y^^ypy -~sys?/K y 
x/^r-y t°y-y/K ^^-y^=/i-Sr*-rr i^-^-t 

5„ #f*L<f4, Ri, R 2 , R 3 Rt)«R4f4, tK^s 
t-y'^/K 7x-;K 2 — ai^/P— ^ -yyk^-^f ->X(4 
4-^h*i'7x=*t?fc!) > SfcR 5 S.t/Re(4** 

Xi4-yTyXT?&3„ 

[0013] Ar (4, ^MW.^W.e — 40 cor V —JVh 
b < (4Blfer y — fc5"i:/iS7?#, mt'i4yxL 
=/K tT7ai=/K t7f/K 7yF5ty y/w^-y 
y, 7ityH/y ^fP7x-^, ^<y yyxi4t° 

UyI#t*ft5o *fcAri4, ^11^*4 — 4 0(0 

— ^ p7!) — b < i4gi&— v- b r y — a*t?*> 5 c 
t^s-e#, ~^ci4t°y~yy, g^^-y^y, t°u— /k 
t*tt7xy 7?y ^y/77y ^yxy?^-y 
— /K ^y^f-y-yy, 7xxy^y 9 -y7x=;^ 
^ -y- i?r y — zk * /w < -J—)\< t> b < (4-< y y =¥-y- y— 

(4, *^p^<oMtSr«ifci-»iii7te^y ■^-©j.W!!^ 
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**.'J7- 1 Ri=R3-Rs=H, R 2 =2- ifPWti& ,R4=CN,p=0 

#• ip- 2 R,=R 3 =rR 5 =H, R 2 =2- I?j^v4#y , RrCN, p=l 

ff'jT- 3 R I =R 3 =R 4 =R 5 =H > R 2 =2- IfBA+y^y , p=0 

f IJ7- 4 Rj=R 3 =R 4 =H > R 2 =R 3 = "4yJlvtty , p=0 

f U7- 5 R i =R 3 =R 4 =H > R 2 =R 5 = M/ftfty , p=l 

*' 'J7- 6 R i =R 3 =H 5 R 2 =R 5 = ^tft* > P= 1 , R4=CN, p= 1 

*" 'J7- 7 Rj=R 5 =^ylV , R2=t-7* f ft, R 3 =R)=H, p=I 



t C| J7- 8 R l =R 3 =R 4 =R5=H, R 2 =2- IfllAtvW^v , R 6 =n- 

fc'y?- 9 R|=R 3 =R 6 =H,R 2 =2- i?J^v*fr*y ,R4=CN, 

R 3 =n- A*->j|4*y 
♦•'J7- 30 R,-R3=R4=R6=H,R 2 =2- ifjiA^4v , R s =n- 

ift" 1J7- 1 1 R)=Rj=R 6 =H, R 2 =2- if |A*yM*y , R 4 =CN, 
R 5 =n- 

;pj7- 12 Ri=R 2 =R 5 =n-^y|l,, R 3 =R4=R 6 =H 
*°>)7- 13 R,=R 2 =R 5 =n- ^yj^y ,R 3 =R4=R 6 =H 
*°»J7- 14 R,=R 2 =R 6 =n- *Jfykt¥s , R 3 =R.=R5=H 
*°'J7- 15 R I =R 3 =R 4 =R 5 =R6=H,R 2 =2-ijji,^y^y 



[ft: 6] 




lit 7] 
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*°'J7- 16 R,=R 4 =R 5 =R 6 =H, R2=2- ifA^Ht*'/ , R 3 =CN 
*°'J7- 17 Ri=R 3 =R 4 =R 6 =H J R 2 =2- lf/W|r>>j^> ,R s =n- 

18 R,=R 3 =R 6 =H 1 R 2 =2- if JlA*yj|,t*y , R<=CN, 

R 5 =n- ^SWfty 
*''J7- 19 Ri=R 4 =R6=H ) R 2 =2-ifjiA+yji,rt> , R 3 =CN, 

R 5 =n- « 
ipj7- 20 R|=R 3 =R6=H > R 4 =CN,R 2 =R 5 =n-^/||,^y 
*"'J7- 21 R l =R 3 =R 4 =R 5 =H > R 2 =2- ifjAty^y , R 6 =n- 

jpjT- 22 R,=R 3 =R 5 =H, R 2 =2- if A'v+y^y , R4=CN, 

R 6 =n- MryJM*'> 
t'.'Jv- 23 R,=R 4 =Rs= ; H, R 2 =n-\M , R 3 =CN, R«=n- 

[ft 8] 




rU7- 24 R l =R 3 =R 4 =R 5 =H,R 2 =2-if]^y)l,^-> 

*• y?- 25 Ri=R4=R 5 =H, R 2 =2- if*******'/ , R 3 =CN 

*°'J7- 26 R|=R 5 =n-^y||,,R 2 =t-7'fJ|,,R 3 =R4=H 

**'J7- 27 Ri=R5=n-^yft,R 2 =t-7'7Ji,,R3=H, R 4 =CN 

**'Jt- 28 Ri=R 2 =R 5 =n-Myjtf*y,R 3 =R4=H 

*° '37- 29 R I =R 2 =R 5 =n- **y*t*5r , R 3 =CN, 

*° 'J7- 30 R i=R s =n- <\*y Jtf*y , R 2 = n - ^$4 , R 3 =CN, R»=H 



[ft 9] 
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**'J7- 31 Ri=R 3 =FU=R5=H,R 2 -2-lf)k4/m/ 
r 'J7- 32 Ri=R 4 =R 5 =H, R 2 =2- if , R 3 =CN 
iPJ7- 33 Ri=R s =n-'4y| f : ,R2=t-7*ft,R3=R4=H 
** >j7- 34 Ri=R s =n- ^yfr , Ra=t-7* ?IU, R 3 =H, R4=CN 

35 R,=R 3 =R s =n-^-»l,t*-/,R3=R4=H 
*"tj7- 36 R l =R 2 =R 5 =n-^-»tW ,R3=CN, R*=H 
*"'J7- 37 R,=R 5 =n- A^y^y , Rz=n- ^yjl^ R 3 =H, R^CN 



r i J7- 38 Ri=R 3 =R4=Rs=H, R2=2- l5F«Atyn,^y 

** 'J7- 39 R|=R4=R 5 =H, R 2 =2- if V**/\\dft*/ , R 3 =CN 

*"'J7- 40 Ri=Rj=n-M^Jh R 2 =t-7*?ft, Rs^HH 

iH-'j7- 41 R,=R 2 =R5=n- A^yi^y , R 3 =R4=H 

*° U7- 42 R,=R 2 =R 5 =n- , R 3 =CN, R,=H 

r |J7- 43 R, =R 5 =n- ^'AW/ , R 2 =n- Rj-H; Rt=CN 




[ftii] 
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**'J7- 44 Ri=R 3 =R 4 =R 6 =H, R 2 =R 5 =2-l^->j^/ , 
p=q=l 

r >)1- 45 R J =R 3 =R 4 =R 5 =H, R 2 =R6=2- zfWjtW, , 
p=q=l 

r U7- 46 R,=R4=R 5 =H, R 2 =R e =2- if , 

R 3 =CN, p=q=l 
* 0, J7- 47 R,=R 2 =R 6 =n- MryJ^y > R3=R4=R 5 =H, p=q=2 
** 'J7- 48 R,=R 2 =R a -n- R3=R4=R 5 =H, p=q= 1 

*° i/7- 49 R,=R 6 =n- R 2 =t-r ft>, Rj=R4=Rs=H, 

p=q=l 

r'J7- 50 Ri=R6=n-/^yM4y ,R2=t-7'fS.,Rj-R 5 =H } 

R4=CN, p=q=l 
*° PJ7- 51 R|=R s =n- t&jtf?/ , R 2 =t-7* fl>, R 3 =CN, 

R4=R 6 =H,p=q=l 

Hbi 2] 




52 R,=R3=R4=R 3 =H, R 2 =2- If||At->M4-> 
*' V7- 53 R,=R4=R 5 -H, R 2 =2- ifWW/ , Rj=CN 
*° |J7- 54 Ri=R 2 =R s =n- **vJl , R 3 =R4=H 
f 'J7- ' 55 R|=R 2 =R 5 ==n- *4->l4+y , R 3 =R4=H 
*° >J7- 56 R,=R 2 =R 5 =n- M-yfl,*^ , R3=CN, R^H 
r V7- 57 R,=R 5 =n- ^yfiptv , R2=n- A*y* , R 3 =H, R4=CN 



[flil 3] 
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[ftl4] 




*' l j7- 
*" 'J7- 
*• 'J7- 
*' U7- 



58 R,=R 3 -R 4 =R 3 =H, R 2 =R 6 -2- if^W) 

59 R,=R4=R«=H,Rr-Rs-2-iflA«r«#t-> , R 3 =CN 

60 Ri=R 2 ==R 5 =n- Rj=R4=R 6 =H 

61 R,=R 2 =R J = n . A$yjtff> t R3=r,=r 6 =h 

62 Ri=R 2 =R s =n-'4 { yfl-^> , R 3 =CN, R,=R 6 =H 

63 R|=R s =n- ^Htt^ , R 2 =n-**y* , R 3 =R 6 =H, 
R,=CN 




f >J7- 64 R,=R 3 =Rt=R5=H, R 2 =R 6 =2- if 

*• 'J7- 65 R,=R,=R6=H, R2=Rs=2- ifjlA^ltf+v , Rj=CN 

66 R|=R 2 =R 5 =n-**y*,Rj=R^=R«=H 
*°U7- 67 Ri=Rj-R a =n-M5'»tt , /-,R3=R4=R«=H 
*" 'J7- 68 R,=R 2 =R 5 =n- ^yJtf*y , R 3 =CN, R4=R 6 =H 
*" 'J7- 69 Ri=R 5 =n- ; Ra-n-MVA , R3=R6=H, 

R4=CN 



[flii 5] 
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*' 'J7- 70 R 1 =R 3 =R4=Rs=R6=H, R 2 =2- if 

**'J7- 71 Ri=R4=Rs=R6=H, R 2 =2- iflrtWW/ ,R 3 =CN 

f'J7- 72 R,=R 2 =R s =n-'N4->ft > R3=R4=R6=H 

*-'j7- 73 Ri=Ri=R6=n-A*ir*tt.> ; Rj=R^=Rs=H 

*°'J7- 74 Ra=R5=R4=n-A+'/fcf#->,R,=R3=R,=H 

*• 'J7- 75 R,=R 3 =R4=H, R 2 =2- if , 

R 5 = > I-*-/ , R 6 =3,7- y *fjtfyf *j*> 

*° |J7- 76 R,=R 3 =H, Rr=2- if Wit?/ , R4-CN, 

r 5 = m-> , r 6 =3,7- v mmm 1 / 

*"'J7- 77 R,=R 3 =R4-H,R 2 -2- ifJK^I**'/ , 

R 5 =R 6 =N,N- y'7i;ft7;; 
*°'J7- 78 Ri=R 3 =H,R 2 =2-ifJlAttJbtt'/ , R4=CN, 

R S =R 6 =N,N- y 7i-Ws/ 

Ufci 6] 




*° «J7- 79 Ri=R 3 =R4=R s =H, R 2 =R 6 =2- xfJlA^JU^Fv 
*T 'J7- 80 R,=R 4 =R 6 =H, R 2 =R 5 =2- Ifft^/j^y , R 3 =CN 
*°'J7- 81 R^R^R^n-^y* , R 3 =R 4 =R 6 =H 
*°'J7- 82 R 1 =R2=Rs=n-A^yJ.t*>,R 3 =R4=-R6=H 
*" 'J7- 83 R,=R 2 =R 5 =n- *4yA**'> , R 3 =CN, R4=R 6 =H 
*" U7- 84 R,=R 5 =n- ^yj^y , R^n- *3fy* , R 3 =R 6 =H, 
R4=CN 



Htl7] 
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85 R,=R3=R4=Rj=R6=H, R 2 =2» ifHAtWv 
**'J7- 86 Ri=R4=R 5 =R6=H,R2=2-ifJlA^W> ,Ka-CN 
OT- 87 R|=R2=R 5 =R6=n-M'>ft , R3=R4=H 
fc" ijv- 88 Ri=R 2 =Rs=R&=n-'v*yfc , R 3 =CN 5 R4=H 
;pj7- 89 R|=R 2 =R6=n-/v+>A , R3=R4=Rs=H 

tj 7 _ 90 R|=R 3 =R4=H J R 2 =2- if > Rs=R6=n- 

ipj7- 91 R,=R 3 =H, R 2 =2- if ftMrvJti+v ,R4=CN, 

Rj=R 6 =n-^V>R' 
*• 'J7- 92 R,=R 2 =n- , R3=CN, R4=H, R 5 =R 6 =n- 

j|v°ijv- 93 Ri=R2=n-^y&**y,R3=R4=H,R5=R6=n- «f* 

[ftl8] 




^ IJ7- 94 R|=R 3 =R4=H, R 2 =2- if P^WWj 

$1)1- 95 R,=R 4 =H, R 2 =2- if »A*»|,i*v , R 3 =CN 

fc-ij?- 96 R 1 =R 2 =n-M : y» I R3=R4=H 

# |J7- 97 Rj=R 2 =n- ^yftt^y , R 3 =R4=H 

*° 'J7- 98 R,=R 2 =n- , R3=CN, R,=H 

**'J7- 99 Rj=n- ^vmv , R 2 =n- , R 3 =H, R,=CN 
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1 p 



:PJ7- 100 R,=Rj-R4=R s =H, R 2 =2- xMa*vM*> 
*° »J^- 101 R,=R 2 -2-if»M>jl,^> , R4=R 5 =H, R 3 =CN 
*" >JT- 102 Rt=R 2 =R5=n-A*y)V., R 3 =R4=H 
*' <J7- 103 Ri=R 2 =Rs=n- , R 3 =R4=H 

**"J7- 104 R,=R 2 =R 5 =n-^^tt>> ,R 3 =CN, R^=H 
*' 'J?- 105 Ri=R 5 =n- , R 2 =n-*4 f yft ! , R 3 =H, 

R4=CN 

[ft2 0] 




^ ij-7- 106 R,"R 3 =R4=R5=H, R 2 =2- xftrtybttv » P=l 
fc-ij?- 107 R,=R 2 =2- lflrt'/lW , R4=R5=H, R 3 -CN, 
p=l 

# ij 7 - 108 R 1 =R 2 =R 5 =n-^v/H- , R 3 =R4=H, p=2 
^ ij7- 1 09 R i=R 5 =n- A^f->ft , R2==n- AtvJtftt' , R 3 =R 4 =H, 
p=2 

*' '}7- 1 1 0 Ri=R 5 =n-**yJI. , R 2 =n- a45W> , R 3 =CN, 
R*=H, p-2 



[flS2 1] 
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|J7- 111 Ri=R3=R4=R5=R6=H, R 2 =2- lfW/Wtv , 

p=l 

•*"i|7- 112 R,=R 2 =2- iflAVMfr ,R4=R 5 =R6=H } 
R 3 =CN, p=l 

^|J7- 113 R|=R2=2-IfJlA*yftfr> , R 3 =R 4 =R 5 =R 6 =H, 
p=2 

114 R|=R 3 =R4=R5=H,R 2 =2- xftrt'Attv , R 6 =2- 

ifJI**v* »P=1 
*° 'J^- 115 R,Hl 5 =R6=n-A;ttJKR2=t-7*fJKR3=R4=H, 



*° U7- 1 16 Ri=Rs=R6=n-^->JV', R 2 =t-7*?A, R 3 =CN, 
R 4 =H,p=l 



flj^- 117 R,=R}=R4=R5=H, R 2 =2- IfflA^y^y 

ipj?- 118 R,=R 2 =2- i?j|A*yj,t*y , R4=R 5 =H, Rj=CN 
fc'ij?- 119 R,=R3=R 4 =H J R 2 =2- ifJlA^yj^y , R 5 =2- 
ifJlA*yA 

r'J7- 120 Ri=R J =R 4 =H J R 2 =2- iWA#*J*y , R 3 =2- 

*" 'JT— 121 Ri=R4=H, R 2 =2- ifj^>Wf/ ,R 3 =CN, 

R 5 -2- if4A#-/lb 
*°.'J7- 1 22 R,=R s =n- ^yft., R 2 =n- *4<W/> Ri=CN, 



p=2 



[ft2 2] 




R^=H 



[ft2 3] 
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jp)7- 123 R,-R 3 =R4==R 3 =H 5 R 2 =2- Zf%rtfyiti& 

r 'J7- 1 24 Ri=Rj=n- \$ ! A , R 2 =n- ^yJUfty , R 3 =CN, 
Rr=H 

**ij7- 125 R ( =R 2 =2- ifftA^>ji,t*y , R4=R5=H, R 3 =CN 

*• 'J7- 126 Ri-Rj-IU-H, R 2 =2- zfAMfytdt^/ , R 5 =2- 



*°'J7- 127 Ri-R4=H, R 2 =2-if^W> , R 3 =CN, 

R 5 =2- if (A^-Xt- 
*"y"7- 128 Ri=R 5 =n-^yJl-,R 2 =t-r ffr,Rj=R4=H 



*■ 'J7- 129 Ri=R 3 =R4=R6=R7=H, R 2 =2- lfft"4yJkMrv , 

R s =n-'\#i/il ) p=l 
*"|J7- 130 R|=R 2 =2- UHW/ , R 4 =R6 : =R7=H, 

Rj=CN, R 5 =n- , p=l 
*'|J7- 131 R,=R 2 -2- ifO^ymy ,R3=R4=R 6 =H, 

R 5 =R 7 =n- ^i/H- , p=2 
*"'J7- 132 R,=R 2 =2- if , R 3 -R4=R6=H, R 3 =R 7 =n- 
p=2 

f |J7- 133 Ri=2- xfM*>fct*> . Rft-r f*. R 3 =CN, 

R4=R6=H, R 5 =R 7 =n-^yfl< , p=2 
rU?- 134 R,=R 7 =2- lfJlAt>*m ,R2=t-7*f*,Rj-CN, 

R 4 =R 6 =H, R s =n-A+yA , p=2 



IfJlA^yJk 



Ut2 4] 




U£2 5] 
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r'J7- 135 Ri=R J =R 4 =R5=Re=H ! R 2 =2- xffrtWWf , 
p=q=r=l 

^|J7- 136 R,=R 2 =2- iflA^y^y , R4=Rs=R6=H, 
R 3 =CN,p=r=l, q=2 
137 R,=R 2 =2- if|A**|#H» , R3=R4=R 5 =R6=H, 
p= q = T =2 

r«J?- 138 R,=Rj=R4=R5=H, R 2 =2- HfMvhtfr , Re=2- 
ifJlA*yH- ,p=r=l,q=2 

*• ']7- 139 Ri=R 5 =Rfi=n- Ra-=t-r », R 3 =R4=H, 
p=q=r=l 

rU7- 140 R|=R 5 =R 6 =n-^ll«.,R2=t-7 , fft,R3-CN, 



**'J7- 141 Ri=R 3 =R 4 =H J R 2 =2- ifBrt'/kftv , X=0 
#*|J7- 142 R,=R4=H, R 2 =2- lfJlA*yJtt*'> , R 3 =CN, X=S 
;pj7- 143 Ri=R 2 =n-A*yV, R 3 =R4=H, X=0 

144 R,=R 2 =n-'4i/J^y,R3=R4=H,X=S 
#* |J7- 145 R,=R 2 =n- M3*r*y , R 3 =CN, R 4 =H, X=0 
** y 7- 1 46 R, =n- t&fcW , R 2 =n- A*y* , R 3 =H, R4=CN, 



R4=H,p==q-i=l 



[£2 6] 




x=o 



[£2 7] 
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f 1)7- 147 Ri=R 3 =R4=R5=H, R 2 =2- ifv*Wt& 

if tj7- 148 R,=R 2 =2- iflAH**** , R4=R 5 =H, R 3 =CN 

ij7- 149 Ri=R2=R5=n-A4vfl, , R 3 =R4=H 
*"U7- 150 R,=Rj=n-**yt, R 2 =n- ^yJW*y , R 3 =R 4 =H 
** U 7- 151 R , =R 5 =n- , R 2 =n- ^>A;ftv , R 3 =CN, 
R 4 =H 




*-ij7- 152 R,=R 3 =R4=R5=R6=H, R 2 =2- if |/4ylUf*y 
$"|J7- 153 R!=R 2 =2- ifA*4yJI>t*y , R4=Rs=R&=H, 
R 3 =CN 

#ij7- 154 R t =R 2 =2- ifj^yftttv , Rj=R4=R5=R6=H 

155 R 1 =R 3 =R 4 =R5=H ! R 2 =2- J.f%>*vhifrj . R 6= 2 " 
if]|A*v4 ,p=r=l,q=2 
* M J7- 156 R I =Rs=R6=n-'4yft,R2=t-7*ffc s R3=R4= ; H 
*"'J7- 157 R 1 =R 5 =R6=n-'^y]KR2=t-7*fA,Rj=CN, 
R4=H 

[ft2 9] 
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r«j7- 158 R|=R3»R4=R5=H, R 2 =2- ifliMvmv 
*■ iJ7- 159 R!=R 2 =2- i?AMy*t*-> , R4=R S =H, R 3 =CN 
r»J7- 160 Ri=R 2 =R 3 =n-^y^y ,R 3 =R4=H 
jf |J7- 161 Ri=Rj=n-HyA , R 2 =n- ^yA^y , R 3 =R4=H 
*"U7- 162 Ri=R 5 =n-^y|l,:,R 2 =n-^y*t*y ,R 3 =CN, 
R4=H 

[ft3 0] 




j|>ij7- 163 R,=R 3 =R4=R5=H, R 2 =2- ift*Wtt& 
r ij7- 164 Ri=R 2 =2- ifftA^-^y , R4=R 5 =H, R 3 =CN 
r'J?- 165 Ri=R 2 =R 5 =n-A4vmy , R 3 =R4=H 
*' IJ7- 1 66 R l =R s =n-^>* , R 2 =n- ^yjkfty , R 3 =R4=H 
*° 'J7- 167 Ri=R 5 =n-M-yA , R 2 =n- >AvWfc\> , R 3 =CN, 
R<=H 



[ft: 3 i] 
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N— N V4- 

n- 



*•■;?- 168 R,=R 3 =R4=H, R 2 =2- x?ft**&JM4y ,p=q=l, 
X=S 

f «J7- 1 69 R1-R4-H, R 2 =2- if Srtvmv , R3-CN, 

R 2 =2- xfWWfr » p=q=i. x=s 
*°'J?- 170 Ri=R 2 =n-'^vflr > R3=R4=H > p=q=l,X=N-n- 

*° U7- 171 Ri=R 2 =n- /v$yft , R3=R4=H, p=q=0, X=N-n- 

*• 'R- 1 72 R,=R 2 =n- , R 3 =R4=H 

*° ! J7- 173 R|=R2-n-My^> s R3=CN,R4=H,p=q=l, 

X=N-n-A$yJ|, 

*• 1J7- 1 74 R,=n- A+yfcW , R 2 =n-"4yJk, R 3 =H, R4=CN, 
X=0,p=q=l 



* 0, J7- 175 R,=n-**v4t*y , 
R4=CN, X=0, p= 



[0015] SI m23V>-C\ A r i±, ±IE*«— of& 

WittigJSJS-. Horner-EmmonsS/S, Knoevenagel 
$g-g\ HeckHKXt±fuI*f£SKScience, 1995, 269, 37 
6) 9 -t^-f- 3 r £ flS -C# 5 , Horner-EmmonsRjS 
XttKnoevenagelHfSl- <t ^ ]_V \ JtsfSgfii' 

t i?*;*.7:E — bwrBlroHorner-EmmonsKfSi' J:-=>T. 

CO i 5 *3fel&S«?#^ET-Cffiffl-f-SKnoevenagelSJSt 

^.df— Al~7t*t„ 
[0 0 16] H 1 Kl. tiELf'W^©iltffll/^ 

g 4 0 £ ^tf^«J§-C*fe5„ 4 0 (4, S 

L^5 0 ^figStLSo 77- KH 2 0 ttiE?L#ii§S 
3 0 fcRjg U -t L-C* y — K 6 0 fiS-T-diUS 4 0 (C 



R 2 =2- If ,R 3 =H, 
=q=2 

parrs- iSBiioffca. ^©sitt^^-r# 
t\ m*<Dmmt. mmcomz^itMi-xm^Ltchco 

[0 0 17] a2.tngiJ»ELr ? ^-i'^#J*Sr^i- 0 Xft 
OOt ffl^HniiJI 4 0 0 £ © PbI t*3tg Sr-g-tf „ ^ CD3S 

300 niEiufamm-eib >o , 1400 «3S3teJi-c#> "9 , 

15 0 0tt«^lilBl^T-fct3, *LT~tlib£-S**T 
S#Mf|:6 0 0*SM5n5, I200tt7/-F 

■c-fc "9 , s 7 o o y— Kr-fcs„ S«ttJi loot- 

S ictb^il L X L tc % co t?(4^v \ 
[0 0 18] IilEL7^f^li, i^v^3t^)*£t£ 

A) ^gA*ilro*H#W^4, 3 5 6, 4 

2 9^fcfs*£$;h/Ti^iE:Rj£AJi, b) m^xmmco 

*M¥m%5, 7 7 6, 6 2 2^-lC|Bic$^-CV^r/l' 

ms. x&m coxm<&¥fmmm 09/191, 705 
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lEgc £ fix 1/ ^ 5 X-v#i£ 7 ^ n * — *K ^(r J; 5 T 
/-K^tt. &T*D) ^§:A#a©*H1#fFm4, 7 6 
9, 2 9 2-g-idlEgcSixr^SIE?L^Si«^-«i^S 
i: ©Midif A^^Lfc K-T'SISJta, <D i. *> W&m^ 

[0019] |3jjcELx>^;*<7>ft;b9 iftSSUroflt 
J*Sr*-f- 0 rfttt, 3 0 0 0 £rg-tfl£— BflfitiSr 

7/-K2000i:*y-K4000 ttDMKft^-JiA/ 

^tx»-e4>5„ ^jts 3000 i-iw.wmmmti.xhi'E 
ffl-rso 3000 i%ngm%m#x~ 

h5„ mm-is i o ooxh& 0 z.<Dmf±mmzi-g 

f\ -fB^roSffitt, *|®cDjf:$tJ±^jL-cia^Lfc>bco 

[0020] ^fSWOffig&E *«i£fdu 7V 

JUterc-feSo r»s#3s^e 9, ^lt 

I (fd) ^<r>m.<r>^MtPi-^ K-T'Lfc*^- , £ 
©2~3^/i^%mTSS©l:T-#ftU WL-e-HfrfcE 

i^ai^EL^M^^^-rsr kftx^&c mm 

r J; 5 K— htHBfcot^-cii, ^gA#ffl«* 
H#fFH4, 7 6 9, 2 9 2f|IELf^^fcoV^ 



vhi vxm.m-tz><D{z.mm.-t£'3k%&.mk lt, ^y 
tt>*#:, TF5t>, ^ji/y, B-^jvatfry- 

[0 0 2 1] 
[ft 3 2] 




R 



FD 1 R=H 

FD 2 R=C0 2 Pr-i 




FD 3 R=H,R'=t-Bu 
FD4 R=R'=t-Bu 

[ft 3 3] 



FD 5 




K O 



FD 8 R=H 

FD 9 R=Me 

FD 10 R=Pr-i 

FD 1 1 R=*2- If lAfc/JI, 
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FD 12 Ri=R 2 =Me, X=0 
FD 13 R|=R 2 =a+V* , X=0 
FD 14 R,=R 2 =7iZft ,X=0 
FD 15 R,=R 2 =Me, X=S 
FD 16 Ri-Rj-^Krt.X-S 
FD 17 Ri=R 2 = 7i-* ,X=S 



CN 




FD 18 R=n-^vb 
FD 19 R= 




3 6 ] 



[0 0 2 2] ±1E#? y tt, #y -v— )§?S&^t°^=i 

— r -f Vi^St?Jl 3 0 0 0 Zwm-T 2> r i: flW * L < , 

[0 0 2 31 ^"^-C'^ttUfcTy— KSr»2 

fFtiMjgO 9/1 9 1, 7 0 5^§-(;iiEi|ft£tLTV^o jjc 

*H4#fFfi?5, 4 2 9, 8 8 4-§-S.tt ! ^SA*il 
<D*H4#rrtil 5 , 7 7 6, 6 2 2^-(C|E«t$ttTV^5M 

[0 0 2 4] 

[SHEW ^Mt^rofiJ^CSrx «Tro=MWJt -fcoT 

^bns^y-^-^Tia— j&s en & 

# y -7— ©-g-^Sr^.^— a l ~ 7 Ic^-To 
[0 0 2 5] 
[ft3 5] 




A 1 
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o 





[ft3 8] 



(22) 



mm 2002-93582 




26 W 



o o 

P<OEtb (ElOhP , P(OE02 

— - 

C 8 H„ 

X*— A 5 



[ft3 9] 




X*-A 6 



CHO-Ar r CHO 



p 

(ElOJzP" 



Arj P(0Et)j ► 



A> 2 - 



CHO-Af|-CHO ♦ CN Arj CN 



CN — 
-Arj-- 



Ar, 



LCN 



X+— A 7 



[0 0 2 6] tfjl : 2, 6 — tT^ (2— ^^Vl^-^V/V 
2, 6-v/t Ko^^Tyh?*/^ (1O0. Og, 



0. 4 i: 2 -^^/u^^-i^juyn 5 K (16 

5. Og, 0. 8 6W) &lL©DMFI^Lfe, 
fekKsCOs (12 0. Og, 0. 8 7 
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MF©;fc&:»-&Bfe*U 5 0 0mLro7K4rasAPL-fc o S 
j£&:n—7vw-t?tttti L (3X4 0 0mL) % -fy-i^-Q 
»L (lX200mL) , ^-LTMgSO.-eftlJ [Si] 

'hnmr 

(CDC1 3 ) 8 (ppm): 0.92-0.98 (m, 12H,CH 3 ), 1.34-1.54 (id, I6H), 1.75-1.81 (m, 
2H, CH<CH 3 », 4.02 (d, J = 5.S Hz, 4H, OCHj), 7. 19 (d, J = 8.4 Hz, 2H). 7.70 (s 
2M), 8. 19 (d, J = 8.5 Hz, 2H); l3 C NMR{CDCl3): 11.12, 14.06, 23.04, 23.88, 
29.08,30.51,39.34,71.34, 110.64, 120.84, 127.00, 129.62, 135.88, 164.29, 
182.27. M.p. 49-51 °C; FD-MS: m/z 464 (M*). 



mM>\^tzk~^ n&^ffi^&s&Ma 12 5. 2 i g 
me 5%) ^#fe^ifc 0 



[0 0 2 7] #J2 : 2 - t —rff-^'J tf- 

jv^r^i/^=f-)v^<^-^^ ({!;■£•#> 2) ro#fiS; 

1 L©^L)S-7 5^.=!iC, 4-:7°n*^^v ; A-TA-='— /I^ 
(100. Og, 0. 53 ^/V) , -Y S &V—;V ( 9 
1. Og, 1. 3 4W) , t -T'fvl'i^^/l'i'y/P 
* u y K (TBDMS-C 1) (96. 5g, 0. 64 
RVl 0 OmL<£>DMF-Sr8s2JDL7i„ KJSSrg* 



SrSlTF, S?fil-*5^r— 8fef>j>WL;t 0 ra&SrzM'ffi 
3i— ^yw-caniftafflu WitB Stic: Lt* 
-C3®$fci*-U *UMgSO,-?Si^ffc 0 

»*Lfc^, ^mn^ mm&mvfk u-c 1 5 4. 2 g 

OK* 6 2%) #fc 0 
[»2] 



NMR (CDC! 3 ) 5 (ppm): 0.07 (s, 9H), 0.91 (s, 6H), 4.65 (s, 2H), 7.17 (d, J = 8.2 
Hz, 2H), 7.42 (s, J - 8.3 Hz, 2K); l3 C NMR (CDC1 3 ): -1.71, 2] .93, 29.48, 67.89, 
124.13, 131.27, 134.82. 144.02; FD-MS ! iWz 301 (M*). 



[0 0 2 8] W'l 3:2, 6 - tr*. ( 2 -m^vl^Sf- vvl- 
^-^•v-) -9, 1 0-v 1 (4-t Ka^f;V73:- 

/u) ryhnv' 3) o>g-j£ 

(6 7. 2g, 0. 2 2W) ^300mL© 
*feJtTHFic:)g?>U -7 S^iC^SUfdo r<Oi§« 
n-BuLi (2. 5M^^-fyii, 8 6mL, 
0. 2 2W) o'CJ; |?®<*6}$£;H3 

- 7 8 "CT? 1 B$p B m# bfco ffc-g* 1 (30. Og, 
0. 0 6 5^eyW) £2 0 0mL<DfekTHFi;i)§/5>U 
Jt|Bi^S|]^i«i^T bfc„ T L C#tlf as^OSro^T ir* 



H I 



(5 7%7K^ffi, 1 



45g, 0. 6 £ri$o< <0 »P LTSfS^rff ifc 

Sri oftmimfmffizii, ^^xmm<D±$v,tt$:imT 
fc„ m±&mm&co'&&»k^x'&ib]rh, ^tL&v-y 

*y>©*7A^cv F^77^- -C^«f-2 0 : 8 
tfSeHiMfcH&Bfrt LT20. 2 g 0IXSP4 8 %) Pjtl 
[fC3] 

"H NMR CCDClj) 8 (ppm): 0.82- 



0.89 (m, 12H.CH 3 ), 1.26-1.43 <m, 16H), 1.60-1.66 (m, 2H), 1.85 (s, br, 2H, OH), 
3.72 (d, J = 5.5 Hz, 2H, OCHj), 4.89 (s, 4H, V ■// W), 6.S4 (d, J = 2.0 Hz, 2H), 
7.00 (dd, Jj = 9.3 Hz, h ~ 2.2 Hz, 2H), 7.47 (d, J - 7.9 Hz, 4H, ?-Lzm. :), 7.52 
(d, J = 9.7 Hz, 2H), 7.61 (d, J = 7.8 Hz, 4 H, 7iUV» ); ,J C NMR (CDC1 3 ): 
11.17, 14.03,23.00, 23.89,29.08,30.64, 39.16, 65.37,70.17, 103.90, 120.07, 
126.98, 127.13, 128.07, 129.56, 131.46, 134.74, 138,95,139.85, 155.71; M.p. 
1 10-1 12 °C; FD-MS: m/z 646 (M + ). 



[0029] M 4:2, 6 - br"* ( 2 -m^Vw-^ ->vv 
^f^r'y) -9, 10-v 5 (4--7~U^r^=^JUZ7^=L ;v) 

■fb-H-^13 (4. 40g, 6. 8 5y^yl^) &2 5mLCO 
SfefcTHF ClJ§7>U 0'C(-^SPLfc 0 PBr 3 (1. 



fc„ ^WtBir—m^VXy-'y-O-xm^-X^ MgSO. 

5 : 8 5 CH2C 1 2 : 
^Srffl^TWSUfci -5, 3. 9 0g<Djt#,fedH <tfz 
$7 4%) as#S>*tifc„ 
[IS 4] 
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l HNMR(CDCU)6(ppm): p.82-0.88 (m, 
12H, CHj), 1.23-1.42 (m, 16H), 1.61-1.69 (m, 2H), 3.71 (d, J - 5.7 Hz, OCH 2 ), 
4.67 (s, 4H, V •// hi ), 6.78 (d, J = 2.4 Hz, 2H), 7.00 (dd, J, = 9,5 Hz, J 2 =2.4 Hz, 
2H), 7.43 (d, J = 8.0 Hz, 4H, 7izm ;), 7.49 (d, J = 9.5 Hz, 2H), 7.62 (d, J - 
8.0 Hz, 4H, 7i»a ); l3 C NMR (CDCb): 1 1.15, 14.06, 23.04, 23.88, 29.03, 
30,62, 33.46, 39.06, 70.36, 103.83, 120.29, 126.81, 127.98, 129.27, 129.53, 
131.68, 134.40, 136.91, 139.84, 155.80; M.p. 105-107 °C; FD-MS: m/z 772 



[0 0 3 0] #J5 : 2, 6 - If* ( 2 -zr.=3-;V~ i/JV <D%IS,7 7 7. =i l^AthX , 1 0 0 4 Bf fflfflm Lfc„ 

^-dr->) -9, 10-v?(4-^fl'y*f/l'to7 a?&*-Cft*PLfc^, ^fe^^^^MSJIrffci* 

i-F7i^) 7yh7t^ Mfc-a^s) co-g-j3c Wcir5, 3. 9 4 gco^ y — ^feto«f^c^r H ^» 

(3. 80g, 4. 9 5;y*yi-) i MJif/V fettfc OiX*9 0%) 0 

»7 7-f h (9 5mL, t*50mL [fc5] 

'H NMR 

(CDCls) 8 (ppm): 0.83-0.89 (m, 12H, CH,), 1.27-1.43 (m, 28H), 1.59-1.66 (m, 

2H), 3.34 (d, J = 41.7 Hz, 4H, V»" ij„* ), 3.71 (d, J = 5.3 Hz, 4H, OCHj), 4.08- 
4.1S (m, P{0)OCH 2 , SH), 6.84 (d, J = 2.3 Hz, 211), 6.99 (dd, J, - 9.5 Hz, Jrf.4 
Hz, 2H), 7.42 (d. J = 7.8 Hz, 4H, jiUM ), 7-48 (d, J = 9.5 Hz, 2H), 7.55 (dd, 
Ji = 8.0 Hz, J a = 2.2Hz, 4H, Jizm .:); I3 C NMR (CDClj): 11.21,14.04, 
16,46, 16.54, 23.01, 23.92, 29. 14, 30.66, 32.89, 34.72, 39.37, 62.20, 62.29, 70.02, 
103.95, 120.00, 127.00, 128.06, 129.56, 129.99, 130.08, 130.71, 130.83, 131.44, 
131.47, 134.67, 138.12, 138.17, 155.76; M.p. 94-96 »C; FD-MS: mJz 886 (M*). 



[00 3 1] M6 : 2, 6 - f* ( 2 -=c^?V^^ ->7V 
3~$-iy) -9, 10-^ (4-»5*7i=*) 

ft/a* 3 (10. Og, 0. 0 15W) &:18 0mL 

CJ^-b (PCC) (8. Og, 0. 0 3 &m 
iPbfc. HJ£*S?a-t?- 8ft4>«#U7t 0 50S&-1 0 Om 



4>X-$cfrU ^LTMgSO.T-SiStfc,, 
1 : 1 CHsC 1 2 : ^^l7-^4rfflV^T*iS!Lfc:i ^ 

^ mtte^i$.mmm.&ffiM>tvx7 . o g (115*7 

0%) #fe^fco 

[«C6] 



H NMR (CDC1 3 ) 5 

(ppra): 0.82-0.88 (m, I2H,CHj), 1.20-1.43 (m, 16H), 1,60-1.68 (m,2H), 3.70 (d, 
J - S.5 Hz, OCH 2 ), 6.73 (d, J - 2.2 Hz, 2H), 7.04 (dd, h - 9.5 Hz, J 2 =2.4 Hz, 2H), 
7.44 (d, J = 9.5Hz, 2H), 7.67 (d, J = 8.0 Hz, 4H, jzzUt ), 8.15 (d, J — 8.0 Hz, 
4H, 7i;H.BI ), 10.21 (s,2H, Wtl'); l3 C NMR (CDClj): 11.13, 14.02, 
22.97,23.87, 29.07, 30.59, 39.12, 70.22, 103.37, 120.80, 127.59, 129.12, 130.00, 
132.03, 134.01, 135.69, 146.38, 156.10, 192.00; M.p, 125-127 "C; FD-MS: m/z 
642 (M + ). 



[0 0 3 21 f 7 : 2, 5-» (^71^75/) 
-3, 6-^tKnf $ ;i>m*J * f-ns Uk-a-Wo 7 ) 

Xi">riD3^^®^f-/l/ (DMSS, 50g, 0. 
>- (lOOmL) SrilSiJ*ffiffl U KfSJS^Sr 10 0 



1) fc<fci5DMSS<z>m£^£;ft<fc<£>-t\ 

1 2 0TCt_h#S*, ^ felc4B#paa#bfc 0 KJS£ri$ 

8 2 g (5£*#jHX*) tmhtit^ 
[17] 



(25) 



2002-93582 



'HNMR(CDCl3)8(ppm): 

3.39 (a, 4H), 3.65 (s, 6H, COOCHj), 7.09-7.38 (in, 10H. ), 10.62 (s. 2H, 

NH}; I3 CNMR(CDC1 3 ): 27.65, 50.84, S8.71, 124.63, 124.75, 129.12, 139.35, 
156.74, 169.31; M.p. 236-238 °C; FD-MS: m/z 378 (M*). 



[ 0 0 3 3] &\8 : 2, 5-« {^7i-;V75/) 
{b-H-*7 (80g, 0. 2 *CH 2 C 1 2 lC!g 

ofc„ TLC (CH2C 1 2 : : 1) Srffl 

H2C 1 2^n— * y— ji/^jku-— fx-^mcm^ 



U EtOHtlfe'&Wfc, CH2C 1 2<D-t-^T/5S 

U *LTE tOH-eStefg^i5(i*-felC7i54T-i5fe}#-L 

feHft: (ItX*9 2%) ^tfetufco 
1*8] 



'H 



NMR (CDC1 3 ) 5 (ppm): 3.83 (s, 6H, COOCHj), 7.00-7.34 (m, 10H, ), 
8.00 (s. 2H, **Ml ), 8.56 (5, br, 2H, NH); l3 CNMR (CDCIj): 52.20, 1 18.58, 
118.96, 119.71, 122.06, 129.38, 137.71, 141.88, 167.78; M.p. 164-166 "C; FD- 
MS: m/z 376 (M*). 



[0 0 3 4] ffl9 : N, N, N' , N' -T h?7i = 
* 2 , 5 - i^T 1^7^^1v>^ ^* (-ffrg-* 9 ) 

fl2-g*8 (40g, 0. 11**) , 3— F^^i?^ 
(2 00mL, 1. 7 9**) , K2CO3 (2 0g, 
0 . 14 **) S.t>*ffi ( 1 . 4g, 0 . 0 2 2 **) 
^79*="t£N*TT-A*i;fc„ 1 8 5 0 C(- 2 

4B#HflJnfS&Ljfe.„ TLC {CH2CI2 :^#ty/ 

3.3S (s, 6H, COOCHj), 6.96 -7.28 (m, 20H, 
l3 C NMR (CDCI3): 51.94, 122.69, 123.00,13 
166.76; M.p. 249-251 °C; FD-MS: m/z 528 



1:1) X~KlZsGO$ZT-A%m£tLtc a Kffi*J^*flU CH 
2 C 1 2&^PLfc 0 iSiiLTCHUC 1 z -eSfc)#-Lfc 

Hfflt&»ffL, «§«*#fc„ EtOHSrttLt 
#5>^fc*fW«jSrSljib-C^J?), E t OHTWLfc, 
^ifeSr^-eteSI^-arfctCl^), ifel#4 5 g (HX^ 
8 0%) #s#fe;ft.fc„ 
[«9] 

'H NMR (CDCIj) 5 (ppm): 
*SMS ),8.44(s,2H, 3f#K ); 
9.1S, 131.00, 132.47, 142.17, 147.32, 
<M*). 



[003 5] MlO : 1, 4— Ko^f^- 
2, 5-tf;* (N, N-^7x=*7U) -<V-t!V 

UY&m\ 0) 

JBSE^iliSSr=a«Lfc*J£7 9^='KN2TT?L i A 1 
H t (6. 4g, 0. 17**) ^AHfc 0 ^CD79* 
=i(c*l7kTHF (4 0 0mL) Sr^KL, SgjSig&O'C 
i^iflLfco it^¥09 (40g, 0. 0 7 6**) 
Lfo6 O^ttTi^bDbfc. *grg-#J&l 5^"CSfi 

-€rro^4 5^iaaia$*fco TLC (CH 2 
C 1 2 : : 1) -C-5JS©^T«S*§tbfc„ 

RFS^O'CJC^iPL, 7K-CSmt<?ih**7c 0 3 05» 
WVtilk, T/l>&mhU Lfc„ 7kB£^— ■7 t *-t?4EI 
ttffl Lfc c #8&tB £-*t{r L-CN a 2 SOiX-fflgtZ 

g 0&*9 5%) /jS^fe^fco A A 8 7 9 0- 1 3 8 ; 
4. 36 (s, 4H, , 7. 00-7. 

5 0 (m, 2 2H, ^W-M) ; M. p. 208-210 
<C ; FD-MS : m/z 4 7 2 (M + ) 



[0 0 3 6] Ml 1 : 2, (N, N— ^7i= 

1 1 ) O-g-fig 

try i?= t>A^n u*~- Y (PCC, 30g, 0. 
0 6 4**) iit;7kCH2Cl2 (3 5 OmL) &N2 
T©77^^ KAfT,fc„ ft#i3 10*'> IfoSU Lfc 
^©Rgtr^WMifet-frofco TLC (CH 
2C 1 2 : -^^rf-V/1 : 1) (4, 9 0^^t±j|8J®S 

-Cflfcj&L-fco «Sa§S£CH 2 C 1 2-C«^i5tS^fe{- 
F^77-f- (CHiC 1 2 : — ^flJ-^/l : 1) Xm 

f B ttI*2 1. 5g 0tX*7 2%) amhtii^ 

mi 0] 



(26) 
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'H NMR (CDClj) B (ppm): 7.01-7.06 
(m, 12H), 7.24-7.29 (m, 8H), 7.61 (s, 2H), 10.13 (s, 2H); ); l3 C NMR (CDClj): 
123.13, 123.53, 129.10, 129.80, 136.49, 146.49, 14S.34, 189.51; M.p. 260-262 
°C; FD-MS: m/z 468 (M*). 



[0 0 3 7] 01J1 2 : 1, 5 - 1*^. (^df-vyvjj-^v') 

? (15. 0 g, 0. 09 A^jv) „ iMmx y "7-^ 

(2 7. 2g, 0. 2-=e/l^) , ^bn-^->;W (3 

2. 5g, 0. Z=eM RTJ-2 0 OmLCDDMFSrSsflB 

'H NMR (CDCb) 6 (pptn): 0.92 (t. J = 6.5 Hz, 6H), 1 .35- 1 .4 1 (m 
8H), 1.52-1.57 <m,4H), 1.85-1.92 (in, 4H), 4.10 (t, J - 6.4 Hz, 4H), 6.81 (d, J = 
7.6 Hz, 2H), 7.30-7.36 (m, 2H), 7.84 (d, J - 8.3 Hz); M.p. 92-93 °C. 



b-C 7 0 OmLOTKtarii^rCo Bf?ife<7)#f mfe&jS 

g OK* 8 0%) T^fbtWto 
[fSScl 1] 



[ 0 0 3 8 ] #>J 1 3 : 1 , 5 - (T'n^E-p; 9vl^) - 
4, 8-f"^. (^^f">/^^v-) t7^>y (-fk£*ll 
3) ©-g-J$ 

4bn$3l2 (10. Og, 0. 0 3 0W) 
AT/l^tF (1. 92g, 0. 0 6 4*;l/) Sri Om 

•LcommtuB rffimmm (3 3%mmm^ 12. 3 



mL, 0. 0 6 4W) tt|i>Lt RlSSr 5 CCfC 

5 B#p^pfi vxmu^n vtc 0 m^ofcmm^m 

&rotf«rfelll4. 7g OK* 9 4%) 7}S#ibtlfco 

[mi 2] 

'H NMR 

(CDCy 5 (ppm): 0.92(1, J = 6.5 Hz,6H), 1.36-1.41 (m, 8H), 1.51-1.57 (m,4H), 
1.99-2.09 (in, 4H), 4.13 (t, J = 6.4 Hz, 4H), 5.31 (s, 4H), 6.84 (d, I - 8.2 Hz, 2H), 
7.37 (d, J = 8.2 Hz, 2H); M.p. 105- 107 °C. 



[ 0 0 3 9 ] &\ 1 4 : 4, 8 - f"^.— v'/W^v'- 
1, (pt^U^v J ^9 i 7l'*^7^— 

w->- (-fb-a-*i 4) c?-g-j& 

5 0mLO^l77^3tft^fcl3 (9. Og, 0. 
0 1 7W) ^1)^*^77^ h (7. 5raL, 
0. 0 4 4^/1^) SrgsODLfc m&<m%: 1 0 0°Ci-4B# 

PdWPMLfc^ ^?fi{^*pufc 0 a^^Sr->y #<7V^ 



©TJyi^n-e F^57-f- -e^«(Cl 0 : 9 07t 

mit*?*?^ h&<V»m£Mitl,X6. 5g (1R*5 
9%) #7c 0 
[ftl 3] 



H 



NMR (CDCI 3 ) 8 (ppm): 0.92 (t, J = 6.8 Hz), 1.08 (t, J = 7.1 Hz), 1.36-1 .41 (m, 
8H). 1 .47-1 .54 (in, 4H), 1 .95-2.05 (m, 4H), 3.75-3.91 (ni, 8H), 4.06-4. 14(d t t 
Stil , 8H, »'-S/<MX.tf ■ OCHA 4.14 (s, 4H), 6.80 (d, J - 8.2 Hz, 2H), 7.23-7.27 
(m,2H); l3 C NMR. (CDCI3): 13.94, 16.23, 16.31,22.52,25.94,28.84,31.60, 
33.92,35.76,61.34,61.43,68.84,106.28, 106.29, 119.77, 119.92, 130.14, 130.24, 
156.04; M.p. 80-82 °C; FD-MS: m/z 628 (M*). 



[0040] f 15 : 2, 6 - fx (^3- vvl^^i/) 

2, 6-v>t Kn^yf7^uy (3 0. Og, 0. 1 
9^/1-) irJt-ffcn — ^is/V (9 7. 5g, 0. 5 9^- 
M tSr, 4 0 OmLWDMF'f. #2&$7J JJ "7-t. (8 
1. 6g, 0. 5 9W) ©#7£~Fn 9 0lCX?-i't>S 



(SS-arfc KJ£4r7 0 OmL(D7Kta#iA^ #fW#)£- 

WH#4 1. 3g (HX*6 7%) 75^tf>ttfco 
[Si 4] 



(27) 
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'H NMR CDClj) 6 (ppm): 0.91 (t, J - 6.9 Hz, 6H), 1.32- 
1 .40 (m, 8H), 1.44-1 .54 (ra, 4H), 1 .77-2.86 (m, 4H), 4.02 <t, J = 6.6 Hz, 4H), 7.06- 
7. 12 (m, 4H), 7.60 (d, J = 8.8 Hz, 2H); M.p. 78-79 °C. 



[0 04 1] 

2 , 6 - If ^ 
6) W-g-fig 

K&m 1 5 ( 
r/i^t k ( 



3J16 : 1, 5 -fx e/o^gvw) - 



9. Og, 0. 0 3 0 
1. 87g, 0. 0 6 2W) &4 0mL 
rH«g$! (3 0%H®jg$iL 12. 4m 

'H NMR 

(CDCl 3 ) 5 (ppm): 0.93 C«, J = 6.9 Hz, 6H>, 1.37-1.42 {m, 8H), 1,51-1.61 (m.4H), 
1 .84-1 .93 (m, 4H), 4. 1 8 (t, J = 6.4 Hz, 4H), S.07 (s, 4H), 7.35 (d, J - 9.3 Hz, 2H) 
8.03 (d, J - 9.3 Hz, 2H); M.p. 1 10-1 12 °C. 



L, 0. 0 6 2W) t»Lfc 0 R^Sr5 0"C(r5 
B#PfBiP^t/tm, ^fifcJfrfelJLfc. w&im*:^*^ 

(HZ* 5 8%) £r#fc 0 

[«i 5] 



isino : goT^b^iSfl^^i^srffl^-cwK 

«Z*5 1%) £#fc<, 
[116] 



[ 0 0 4 2 ] M 1 7 : 2 , 6 - fx (^^r^I^^r i") 
-1, 5-t*X (^fl/yv'ifW^yi-H -7-7 

* w (-ffcg-Wi 7) 

5 OmL<D3lM7 7X='i£{[&W!>l 6 (8. Og, 0. 
1 6^) £ HJifA'*^774' b (13mL, 0. 
0 7 8-^A-) *^DLfCo m&m* 1 0 0°CK4BfWAP 

l H NMR (CDCI3) 8 (ppm): 0.92 (t, J - 7.0 Hz, 6H), 1.15 (t, J 
- 7.0 Hz, 1 2H), 1 .34- 1 .53 (m, 1 2H), 1 .79-1 .89 (m, 4H), 3.7 1 (d, J = 22.0 Hz, 2H), 
3.91-3.96 (ra, 8H), 4.10 (t, J- 6.6 Hz, 4H), 7.28 (d, J = 9.5 Hz, 2H), 8.02 (d, J = 
9.5 Hz, 2H); 1 3 C NMR (CDCI3): 1 3.99, 1 6.25, 1 6.33, 22.60, 25.78. 29.68. 31.64. 
61.75.61.84,69.41, 113.73, 113.88, 114.66, 1 14.70, 12S.12, 125.20, 128.78, 
152.81; M.p. 101-102 °C; FD-MS: m/z 628 (M*). 



[0 0 4 3] 0ijl 8 : 2, 6 — 'J-fn^- 1 , 5-tfx 
(^drv-y^#v-) -ryfX'i/ (ibg-ifcl 8) ro-a-fig 

1, 5-7tKo^t7^Vy (2 0. Og, 0. 1 
2 5W) &4 0 OmLfflftKtf^U, 0°Ci^*PU 
fc„ -<75?g«ic:jyiS (4 0. lg, 0. 2 50W) £ 
iTFLfc, MT*£ 1 H#IS], BLlfc&m&T-fflftl', tt-X 

iLfcir§, BJMferoiafM£2, 6-v^n^e-i, 

KP^r->t7?wy3 6. lg 0K*9O%) 
^#6>^'<. (3 6. Og, 0. 114^evt-) 



3 2 OmLcD^^y— /I^cf 1 , y !7i^^ h#->K 

(13. Og, 0. 2 &t>*3— K^lT"^ (5 

0. Og, 0. 2 kB&Ltc mfetki—Tfa.^ 

^^/-^T?i5fe?t u ^b-c^bfc 0 m&i&yo&mk 
i^ssift ixefeffl? 2 5. 5 g (nx 

ip6 0%) Sr#fc 0 

mi 7] 



'H NMR (CDClj) 8 (ppm): 'H NMR (CDClj) 6 (ppm): 0.93 
(t. J — 6.S Hz, 6H), 1.36-1.41 (m, 8H), 1.5S-1.60 (m, 4H), 1.38-1.98 )m, 4H), 4.06 

(t, J = 6.6 Hz, 4H), 7.58 (d, J - 9.0 Hz, 2H), 7.73 (1 = 9.0 Hz, 2H); l5 C NMR 
(CDClj): 14.03,22.61,25.69,30.23,31,69,74.62, 1 13,73, 119.31, 130.11, 131.03, 
148.04, 1 52.86; M.p. 41-43 °C; FD-MS: m/z 486 (M*). 



1, 6 — fx (^^-vVl^-^-i/) 



[0044] Ml 9 

•7-7^ U-^- 2, 6 
1 9) 

18 (13. Og, 0. 02 £ 1 1 Om 

Lro *fe!cTHFfc«^U KlIiTt- 7 8^(31^ 
Lfc,, nBuLiW (2. 5M^^1t-^ 



3 2mL, 0. 08 0W) Sr?@JS^- 6 0°C£ 

Lfc. «Sbn*£, !§f&£-7 8t:-ClB#WM#Lfc:„ Si* 
DMF (1 7mL, 0. 2 1W) SriX 1? :/v^fcgSftP 

ufco Kfc&m&x— m^mwv± 0 Kft^^R-effit^ 

-y:, 3;— Wttdi U7C (3X10 0mL) „ 



(28) 
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£B£*Lfcm, a^fe4r^*v^fcSfe B B {lib-c [lis] 

6. 7 2g©M (l|X^6 5%) ifl£fe»*tLt 

'H NMR (CDC1 3 ) 5 (ppm): 0.93 (t, J = 6.7 Hz, 6H, 
CH,), 1.37- 1.42 (m, 8H.7WJU), 1 55 - 1.60 <m, 4H, 7M»), 1.95 -2.00 (m,4H. 
TWV ),4.15<t,J»=6.7Hz ( 4H,OCH2),7.92(d,J = 8.8Hz,2H. ilttt ), 7.89 <d, 
J = 8.S Hz, 2H, ), 1 0.60 (s, 2H, CHO); "C NMR (CDCIj): 14.01, 22.59, 

25.65, 30.25,31.63,79.50, 119.53, 123.69, 127.51, 133.19, 161.56, 189.51; M.p. 
50-52 °C; FD-MS:m/z384(M*). 



[0045] ffl 20:1, 5 - fx (^=¥->/M-^-» 

-2, (t Fo^pwf*) -rvf>^^ 

mz 0) ro-g-jifc 

3 0mL©^^y-*t 2 OmLroJiiflS^UVfcO'C 
■c*^-ft;*^^MJ *A (1. 90 g, 50511^ 

/Vf't Kft^lll 9 (3. 25g, 8. 4$y^/V) & 

1 0 mL(Dmt*^u>'icmfr'Ltc-k<D$:m]j\smn-frb 



3 OmLClM KOHT?f£lh$ii\ 3 0#jt#Lfc o 

7£„ IRS(±2. 9 1 g (HX^8 8%) "C**)ofCo 
[119] 

'HNMR 



(CDCb) 5 (ppm): 0.93 (t, J = 6.8 Hz, 6H, CH3), 1.37-1.42 (in, 8H, 714*), 1.5 1- 
1.5S (111, 4H, 7MJ.}, 1.87-1.97 (m, 4H, 7AN-), 2.19 (s, br, 211, OT1), 4.00 (t, J = 6.7 
Hz, 4H, OCH 2 ), 4.8S (s, 4H, W M ), 7.50 (d, J - 8.6 Hz, 2H, +7f »• ), 7.84 (d, 
J = 8.6 Hz, 2H, ). 



[OO46]0921:2, 6 - 1*^. (^'n^-p< 9vU) - 
1, 5-tT* vV^^) 1-7 Pls^ (ft;-£*2 

1) 

i?TAs=t~M\&yt>2 0 (2. 90 g, 7. 5 ? y * 
S: 1 5mLro*3fcTHFfc^>LTO c Cfc/£*PL 
fc» r.©?#f£t^ PBra (1. 7mL, 18?!)* 
AO §:5mL©THFt)§^>U-C^PLfc 0 



— t?S«t?giC5 : 9 5;t— T/U : ^#f-^*fflV^-C»M 
Wft&ii&il 2 . 61g W6 8%) 

[*20] 



'H NMR (CDCI3) S (ppm): 
0.94 (t, J = 6.8 Hz, 6H, CH 3 ), 1.39-1.44 (m, 8H, 11*%), 1.55-1.62 (m, 4H, 7M«0, 
1.92-2.01 (m, 4H, 7*fJM, 4.10 (t, J = 6.6 Hz, 4H, OCH 2 ), 4.73 (s, A»'g,} , 4H), 
7.49 (d, J = 8.7 Hz, 2H, t3f* ), 7.84 (d, J = 8.7 Hz, 2H, f7f ft ). M.p. 58-60 
°C. 



[0047] ffl 22:1, 5 - hfx (^^r^W*^^) 

-2, (t^i^v^^a-*;^^— h) -7-7 

•^7*Btft^l2 1 (2. 5 0g, 4. 9 i 
MJ^/I/tJn^^T'I' h (2mL, 1 2 5 D AO Sr?E 
^•L-C 1 0 0 < CfC4Sf^»bfc t , m£J&l®*~-3-y-> 



ii??V<T>j3 ! 7J>,Vw f^57^- -C'^«i-2 0 : 8 

2. 34 g (JR^7 6%) T?&ofc. 0 
IS2 1] 



(29) 
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'H NMR (CDCI3) 8 (pprn): 0.94 (!, J = 
6.8 Hz, 6H, CHj), 1.26 (t, J = 7.1 Hz, 12H,CH 3 ), 1.38-1.43 (m, SH.TW), 1.53- 
1.63 (in, 4H, 1.88-1.98 (m, 4H, 71141,), 3.39 (d, 3 = 21.7 Hz, 4H, OCH z }, 

3.99-4.12 (m, 8H, POCH2), 7.55 (<3, J - 8.8 Hz, 2H, t7W ), 7.79 (d, J = 8.8 Hz, 
2H, f}f% .); I3 C NMR (CDCb): 13.98, 16.28, 16.35,22.59,25.77,26.14, 
27.99, 30.40, 31.72, 61.97, 62.06, 75.09, 118.14, 120.62, 120.72, 128.30, 128.30, 
129.12, 153.51, 153.53, 153.64; M.p. 48-50 °C; FD-MS: m/z 628 (M*). 



[0048]#tj23:9, 9' - i?^^^/V7 JV^U^ 

■7JV$-Vls (2 3. Og, 0. 14W) Sr2 0 0mL 

Cn-BuLi (2. SM^^t^gi. 6 5mL, 
0. 16^) £«jnu ; &ro##,^^{S?a-ciatp B T 

«#Ui„ rwiSt, ^bn-^*'^ (2 7. 4 
g, 0. 1 7*;v) £2 OmL©THFtgi>LtilP 



Li (2. 5M—*lJ->1g$u 6 5mL, 0. 16t 
ten— ^v-A- (2 7. 4g, 0. 1 7W) SrgS&PL 

LTMgSO.fSSLfc. ffi^ft&^ES^-C*!®! 
Uii?., »4RK«I4 2. 3g (HK*9 3%) tfSit 

[S2 2] 



'H NMR (CDQj) 8 (ppm): 0.S7-0.66 (ill, 4H), 0.75 (I, J = 6.7 Hz, 6H), 0.86- 
0.90 (in,4H), 1.02-1.11 (in, 8H), 1.91-1.97 (m, 4H), 7.28-7.34 (m, 6H), 7.67-7.69 
(in, 2H); "c NMR (CDCb): 13.97, 22.57, 23.74, 29.73, 31.50, 40.42, 5S.02, 
119.62, 122.83, 126.67, 126.96, 141.13, 150.69. 



[0 0 4 9] #J2 4 : 2, 7 - tr* CTn^ gvl>) - 8fetp3f# Lfc, -troffi-g-feSr 2 0 0 mLOTTktc&^ji 

9, 9' -S? (-.^/VO -7/I^-l/>- © ^ fflt^f ^X-ttBLfc, a^#i*->y*y/KD 

|btt2 3 (15. Og, 0. 04 5W) iv^tfvl' fSliU 11. 2g«fettlSrIt 

AT^Vfk K (13. 5g, 0. 4 5W) Sr9 0mL [1(2 3] 

ffl3 0%HB r8^!§fRiCjg^L-fc 0 7 OT^— 

'H NMR (CDCIj) 6 (ppm): 0.58-0.65 (m, 4H), 0.75 (t, J = 6.7 
Hz,6H), 1.03-1.11 (m, 12H), 1.92-1.98 (m, 4H), 4.57 (s, 4H), 7.32-7.35 (m, 4H), 
7.61 (d, J = 7.7 Hz, 2H); "C NMR (CDClj): 13.96,22.45,23.65,29.51,31.34, 
34.32, 40.07, 55.14, 120.02, 123.66, 127.98, 136.91, 140.74, 151.66. 



[ 0 0 5 0 ] M 2 5 : 2 , 7 - tf X ( ->T / J *f-/V) - ?7&>-l 8-6 &gs5P L-fc„ aSS^tfC— Bfe^j* 

9, 9' -i? (^^ri^P) 7*tl/y (fk-&*2 5) 05 #Lfc„ HlS**T-*S? U ^— 7VV--C'J*tiJ bfc,, fi* 

4 (6. 8 5 g, 0. 0 1 3*/!/) £5 0mL (C 1 0 : 9 Olj^ngVl-" : ^^>-£r/8Vv-OitSiU 

©r-fe- h= MJ/wc^ufco r.o^fs^S8*y ^^fesre-fe^nt U2. s g ok*5i%m# 

(4. 55g, O. 0 3 3^1/) , Wf;W/7ytK 7c 0 

(3. OmL, 0. 0 3 3W) M0. 1 5 g 05 [$C2 4] 

'H NMR (CDClj) 8 (ppm): 
0.58-0.65 (m, 4H), 0.7S (t, J = 6.7 Hz. 6H), 1.05-1.15 (m, 12H), 1.93-1.99 (m, 
4H). 3.84 (s, 4H), 7.28-7.32 (m, 4H), 7.68 (d, J = 7.7 Hz, 2H); "C NMR (CDClj): 
13.96, 22.54, 23.73, 23.91, 29.58, 31.46, 40.23, 55.46, 120.43, 122.42, 126.81, 
128.93,140.32, 151.97; M.p. 70-72 °C; FD-MS: m/z 412 (M*). 
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:^ty^fflV^«lLfctr5> 2 7. 5 



g 
%) 
is 



.2 5] 



'HNMR(CDC1 3 )S 

(ppm): 0.84-0.89 (m, 6H), 1.19-1.33 (m, 8H), 1.53-1.57 (m, 1H), 2.56 (d, J = 6.8 
Hz, 2H), 6.87-6.90 (m,2H), 7. 19-7.23 (m,2H); l3 C NMR (CDCI3): 10.86, 14.12, 

23.05, 25.70, 28.95, 32.58, .34, 40.46, 120.64, 124.79, 128.80, 141.93; FD-MS: 
m/z 196 (M + ). 
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SSSOT B t ( 3 0 0 . 088* 
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$>fflW Lfc 0 R)SSr 2 0 0 m L © ^-f-jVau— 7- 
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fc, ^HfcfeUfc^, 9. 6g«)mfe»W#f) 
*L;fc Ot2*7 0%) „ r.tti±i£i^#-C'fco7tfc*. § 

[12 6] 



'HNMR(CDC] 3 )8Cppm): 0.84- 
0.91 (m,6H), 1.19-1.33 (m, 8H), 1.53-1.61 (m, 1H), 2.45 {d, J = 7.2 Hz, 2H), 4.63 
(S, 4H), 6.81 (5, 1H); "C NMR (CDClj): 10.89, 14.09, 23.01, 25.33, 25.89, 
26.66,28.90,32.73,40.25, 130.49, 135.51, 140.00, 141.96; FD-MS: m/z 380 



Lfci^5, mm^mm 9 . 0 g ok* 7 2 %) 
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*X7i-b) —3- (2— ^^W^^r-VyU) ^^T7 x 

>- iwi-kmi 8) 

27 (9. 6 g , 0. 025 */l0 t h V ^-^V 
*7.7r-f h (10. 8mL, 0. 0 6 3W) §10 
0 m L (D jUE:7 9 * =" CAftT 1 0 0 'CiC 4 WfMilPfi L 

'H NMR (CDC1 3 ) 6 (ppm): 0.82-0.89 {m, 6H), 1 .25-1.31 (m, 20H), 1 .47- 
1.55 (m, lH),2.42<d,J = 7.1 Hz, 2H), 3.19-3.29 (in, 4H), 4.01-4.U (m,8H).6.70 
{s, 1H); l3 C NMR (CDCI3): 10.90,14.10, 16.38,16.45, 16.46,23.08,25.70, 
28.98,32.66, 32.69,32.70,40.48,40.48, 125.63, 129.37, 129.47, 139.91; FD-MS: 
m/z 496 (M"). 
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'H 

NMR (CDCtj) 5 (ppm): 0.82-0.90 (m, 6H, CH 3 ), 1.26-1 .36 (ra, 8H), 2.00-2,09 (m, 
1H>, 4.11 (dd, J, - 7.7 Hz, Ji = 1.9 Hz, 2H), 7.17-7.45 (m, 6H), 8.07 (d, J = 7.8 
Hz, 2H). 



[0 0 5 51 $J3 0 : N — (2 -^A"^*i/M - 
3, 6-*?-avU*;U1i/W<-S— ji> {ft-g-f 3 0) 
1 L«Al£'79^.='fc2 1 5mL©«i7kDMFt 110 
mLC^DBi?y^A*l, O'Cti&iflL 
7c„ ^©Mt^^^lftP y (1 2 8mL, 1. 4-=e 

#L"C^^0 I Ci^SnLfc o {frg*2 9 (20. Og, 
0. 0 7 2^/1/) SaOmLO^BBx^Wdli 1 

'H NMR. (CDC1 3 ) 5 (ppm): 0.82-0.87 (m, 6H, CHj), 
1 .26-1 .43 (m. 8H), 2.03-2. 10 (m, 1 H), 4.27 (d, J «= 7.S Jfe, 2H), 7.54 (d, J = 8.5 
Hz, 2H), 8.09 (d, J = 8.S Hz, 2H), 8.68 (s, 2H), 10.14 (s, 2H). M.p. I09-IH °C. 
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IS2 9] 
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Lfc„ ftvvc, f^^*, JMBSS^fe^ff-fSit 
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f-^5^ir^x (PL) Sr#, ^LTITO 
/xKy-^— /Mg :AglELf^-f^i4>f)EL^ 
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i. 



Title of Invention 



Electroluminescent Device 



2. 



Claims 



1. 



An electroluminescent device comprises an anode, a 



cathode, and a polymer luminescent material disposed between the anode and 
cathode, the polymer luminescent material includes diphenylanthracene-based 
conjugated polymer of ihe following formula: 



substituents R ( , R 3 , R 3 , and R« are each individually hydrogen, or alkyl or 
alkoxy of from 1 to 24 carbon atoms; aryl or substituted aryl of from 6 to 28 
carbon atoms; or heteroaryl or substituted heteroaryl of from 4 to 40 carbons; and 
Rj and R 6 are independently hydrogen, alkyi group of from 1 to 24 carbon atoms, 
or aryl oi substituted aryl of from d to 28 carbon atoms, or heteroaryl or 
substituted heteroaryl a f from 4 to 40 carbons, or a cyano gronp and Ar is an aryl 
or substituted aryl of from 6 to 40 carbon atoms; or a heteroaryl or substituted 
heteroaryl of from 4 to 40 carbons. 

2. The electroluminescent device of claim 1 wherein Ar 
includes more than one Ar group. 




wherein: 
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3 

An electroluminescent device comprises an anode, a 
cathode, and a polymer luminescent material disposed between the anode and 
cathode, the polymer luminescent material being doped with one or more 
fluorescent dyes or other light-emitting materials, the polymer luminescent 
material including dipheftylanlhracene-based conjugated polymer of the following 
formula: 




wherein: 

substituents R,, R 3 , R 3( and R* are each individually hydrogen, or alkyl or 
alfcoxy of from 1 to 24 carbon atoms; aryl or substituted aryl of from 6 lo 28 
carbon atoms; or heteroaryl or substituted heteroaryl of from 4 to 40 carbons; and 
R 5 and Rj arc independently hydrogen, alkyl group of from 1 to 24 carbon atoms, 
or aryl or substituted aryl of from 6 to 28 carbon atoms, or heteroaryl or 
substituted heteroaryl of from 4 to 40 carbons, or a cyano group and Ar is an aryl 
or substituted aryl of from 6 to 40 carbon atoms; or a heteroaryt or substituted 
heteroaryl of from 4 to 40 carbons. 
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3. Detailed Description of Invention 

FIELD OP THE INVENTION 

The present invention relates to electroluminescent (EL) devices 
which have effective polymer luminescent materials. 

BACKGROUND OF THE INVENTION 

Electroluminescent (EL) devices are optoelectronic devices where 
light emission is produced in response to an electrical current through the device. 
The term light emitting diode (LED) is commonly used to describe an EL device 
where the current-voltage behavior is non-linear, meaning that the current through 
the EL device is dependent on the polarity of the voltage applied to the EL device. 
Organic materials including both polymers and small molecules have been used to 
fabricate LEDs. Polymers exhibit a number of attractive properties for the 
understanding of physical processes in organic electroluminescence as well as 
their practical use for low cost, full color flat panel displays and other emissive 
devices. Organic polymers generally offer significant processing advantages over 
small molecules especially for large area EL display because polymers films can 
be easily produced by casting from solution. 

Conjugated polymers ate a class of polymers that possess an 
extended jr-hond network along polymer main chain. Their electronic states can 
dclocalize caused by the effect of the electron-lattice and electron-electron 
interactions. Conjugated polymers such as polyCphenylvinylene) (PPV) were first 
introduced as EL materials by Burroughes et al in 1 990 (Burroughes, J. H. Nature 
1990, 347, 539-4 1). To improve the polymer solubility, dialkoxy-substituted PPV 
such as poIy(2,5-dialkoity-p-phcnylenevinylene) and MEH-PPV, poIy[2-methDxy- 
5-(2'-emyl-hexoxyl>p-pheflylenevinylene] have been developed. EL efficiency 
has been improved by balanced electron-hole injection and recombination of the 
charge carriers. Other conjugated polymers such as polydialkylfluorene (PF) 
(Ohmori, Y. et al Jpn. J. Appl Phys. Pari 2 1991 , 20, L1941-LI S>43), poly(p. 
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phenyleae) (PPP) (Grera, G. et al Adv. Mater. 1992, 4, 36-7), and poly(thiophene) 
have also been studied. 

The light-emitting layer of an EL device includes a highly 
luminescent material where electroluminescence is produced as a result of 
electron-hole pair recombination in this region. In order to achieve efficient light 
output the efficient and highly fluorescent materials are required. 9,10-Diaryl 
substituted anthracenes are well known for their high fluorescent efficiency. The 
highly efficient light output and high operational stability of EL devices have been 
disclosed in commonly assigned U.S. Patent Nos. 5,635,721 and 5,972,247 by 
using substituted anthracenes as light-emitting materials. 

SUMMARY OF THE INVENTION 

B is an object of the present invention to provide luminescent 
polymeric materials useful for polymer EL devices. 

It is a further object of the present invention to provide various 
energy bandgap luminescent polymers which emit broad range of color. 

A new class of anthracene-based polymers has been discovered for 
use in electroluminescent devices. 

These objects are achieved in an. electroluminescent device 
comprises an anode, a cathode, and a polymer luminescent material disposed 
between the anode and cathode, the polymer luminescent material includes 
diphcnylanthraccne-based conjugated polymer of the following formula; 



substituents R,, R 2 , R 3 , and R4 are each individually hydrogen, or alkyl or 
alkoxy of from 1 to 24 carbon atoms; aryl or substituted aryl of from 6 to 28 
carbon atoms; or heieroaryt or substituted heteroaryl of from 4 to 40 carbons; and 




I 



•wherein: 
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Rj and R 6 are independently hydrogen, alkyl group of from 1 to 24 carbon atoms, 
or aryl or substituted aryl of from 6 to 28 carbon atoms, or heteroaryi or 
substituted heteroaryi of flora 4 to 40 carbons, or a cyano group and Ar is an aryl 
or substituted aryl of from 6 to 40 carbon atoms; or a heteroaryi or substituted 
heteroaryi of from 4 to 40 carbons. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 illustrates iu cross-section a bl-layei EL device which can 
use a polymer in accordance with the present invention; 

PIG. 2 illustrates a cross-seotion of a modified bi-layer EL device 
which can use a polymer in accordance with the present invention; 

FIG. 3 illustrates a cross-section of a single-layer EL device which 
can use a polymer in accordance with the present invention; 

FIG. 4 illustrates the absorption, emission, and photolumiaescence 
spectra of polymer 17 and clectrolumtaescence spectrum of single-layer ELdevicc 
fabricated from polymer 17; 

FIG. 5 illustrates the absorption, emission, and photoluininescence 
spectra of polymer 70 and clectroluniinescence spectrum of single-layer EL device 
fabricated from polymer 70; and 

FiG, 6 illustrates the voltage-current density and luminance 
characteristics of a single-layer EL device fabricated from polymer 17. 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention provides light emitting polymers containing 
diphenylanthricene with good solubility and thermal stability as shown in formula 
I. The rigid chroraophore In the polymer main chain increases the rigidity of the 
polymer backbone and improves thermal properties. Polymers containing such 
chromophore are highly fluorescent and efficient light emitting materials. 
Incorporation of the Ar group has the following features: 

1 ) to further improve solubility of the polymer; 

2) to achieve balanced electron-hole injection and recombination of the 
charge carriers; 
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3) to improve electron or hole transporting ability; and 

4) to tunc the emissive color of the polymer. 

The polymer shown in formula I is a homopolymer or a copolymer 
containing adiphenylanihracene-unit. 




wherein: 

substituents R| , R.2, R3, and Rt are each iadividually hydrogen, or alkyl or 
alkoxy of from 1 to 24 carbon atoms; aryl or substituted aryl of from 6 to 28 
carbon atoms; or heteroaryl or substituted heteroaryl of from 4 to 40 carbons; and 
R 5 and R 6 are independently hydrogen, alkyl group of from 1 to 24 carbon atoms, 
or aryl or substituted aryl of from 6 to 28 carbon atoms, or heteroaryl or 
substituted heteroaryl of from 4 1o 40 carbons, or a cyano group and Ar is an aryl 
or substituted aryl of from 6 to 40 carbon atoms; or a heteroaryl or substituted 
heteroaryl of from 4 to 40 carbons. 

More specifically, R], R2, R3, and R 4 , can represent hydrogen, 
methyl, ethyl, propyl, isopropyl, butyl, ijobutyl, tbutyl, pentyl, hcxyl, ctlylhexyl, 
heptyl, octyl, norryl, decyl, dodecyl, hexyadecyl, cyclohexyl, cyclopentyl, methoxy, 
ethoxy, butoxy, hexyloxy, ethylhexyloxy, methoxyethoxyethyl, 
niethoxyethyloxyethoxyethyl, phenyl, tolyl, nathphyl, xylene, anthracene, 
phenanthrene, phertylmethylcnephenyl, benzyl, phenoxy, pyridyl, thic-phenyl. 
Preferably, R,, K z , R 3 , and R« are hydrogen, t-butyl, phenyl, 2-ethylhexyloxy, or 4- 
methoxyphenyl, and R s and R< are hydrogen, or a cyano group. 

Ar is an aryl or a substituted aryl hiving 6 to 40 carbon atoms 
which includes phenyl, biphenyl, naphthyl, anthracene, fluorene, phenanthrene, 
spirophenyl, perylene, or pyrene groups; 
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Or Ar is a heteroaryi or substituted heteroaryi having 4 to 40 



carbons which includes pyridine, thiophene, pyrrole, bithiophene, furan, 
benzofurwi, benzitnidazole, quinoxaline, phenylquinoline^ipheyloxadkaole, 
carbazole, or benzoxazole or combinations thereof. 



The following molecular structures constitute specific examples of 



preferred polymers satisfying the rcquiiement of this itivenlion; 



polymer I R,=r 3 =R5=h, Rz-2-ethylhexyIoxy, R*=CN, p=0 
polymer 2 R[-R 3 -R5-H, R 2 =2-ethylhexyloxy, R4=CN, p=l 
polymerS R I =R 3 =R 4 =R 5 =H, Ri=2-ethylhexyloxy, p=0 
polymer 4 R]=Rj=R4=H, Rz=R 3 =hexyloxy, p-0 
polymer 5 R I =R 3 =R 4 -H J Ri=R 5 =hexyloxy, p=l 
polymer 6 Ri=Rj=H, R 2 =R s =hexy]oxy, p=l, R,=CN, p=l 
polymer 7 Rj=Rs=hexyl, R 2 =t-butyl, R 3 =R4=H, p=l 



polymei 8 Ri=Rj=R4=R s =H, Rj=2-ethylhexyloxy, R s =n- 
hexyloxy 

polymer 9 R.-Rj-r^h, R^-ethyJhexMoxy, R,=CN, 

Rs=n-hexyIoxy 
polymer 10 R^R^R^R^H, R2=2-ethylhexyloxy, R 5 -n- 
hexyloxy 
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polymer 1 1 R l =R J =R s =H, R 2 =2-ethylhexyloxy, R,=CN, 

Rf-n-hcxjdoxy 
polymer 12 Ri=R 2 =R 5 =n-hexyl, R 3 -R,-R6=H 
polymer 13 R|=R 2 =RrTi-hexyioxyl, Ry-RrRa^H 
polymer 14 R|=R 2 =Rs=n-hexyioxyt, Rj=R4=Rs=H 
polymer 15 Ri=R3-R*=Rs=Ri==H, R 2 =2-ethylhexyloxy 




polymer 16 R,=R4=R 3 =R 4 =H, R;s=2-ethythexyloxy, Rj-CN 
polymer IT Ri-=R J =R4-R 6 =H, ■ R 2 =2-e(h>'lhexylosy, R s =n- 
hexyloxy 

polymer 18 R|-R 3 =R 6 =H, Rz-2-ethylLexyIoxy, Rrf=CN, 

R 5 =n-hexyloxy 
polymer 19 Ri=Rh=R 6 =H, R 2 =2-«thylIiexyloxy, Rj=CN, 

Rs^-hexyioxy 
polymer 20 Ri=Rj=Rs=H, R,-CN, Rj-Rs-a-hcxyloxy 
polymer 21 Ri=R 3 =R4=Rs=H, R 2 =2-e1hylriexyloxy, R 6 »n- 

hexyloxy 

polymer 22 R^B^R^H, R 3 -2-ethylhexyloxy, R+=CN, 

Rs=n-hexyloxy 
polymer 23 R]=R,=Rs=H, R 2 =n-liexyl, Rj=CN, R 6 =n- 

hexyloxy 
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polymer 24 Ri=R,=R,=R 5 =H, R 2 =2-ethyihexyloxy 
polymer 25 Ri=Rj"Rj=H. Rrf-ethylhexyloxy, Kf=CN 
polymer 26 R,=R s =n-hexyI, R 2 =t-butyl, R s =Ri=H 
polymer 27 R^Rj-n-hexyl, R 2 =t-butyl, Rj=H, R»=CN 
polymer 28 Ri=Rj=R5=n-hexyloxy, R 3 =Ri=H 
polymer 29 Ri-R 2 =R 5 -n-hexyloxy, R 3 =CN, Ri=H 
polymer 30 R|=Rj=n-hexyloxy, R 2 =n-hexyl, R 3 ~CN, R4-H 




polymer 31 Ri=R 3 -R4=R s =H, R 2 -2-ethylhexyloxy 

polymer 32 R,=RpR 5 =H, R 2 =2-ethylhexyloxy, Ra=CN 

polymer 33 R|=Rj=n-hexyl, R 2 =t-butyl, R 3 «=R4=H 

polymer 34 Ri-R 5 =n-hexyI, Ri=t-butyl,R 3 =H, tL,=CN 

polymer 35 Ri=R5=R5=n-hexyloxy, R 3 -R4=II 

polymer 36 R J =R 2 =R 5 =n-bexyloxy, R 3 =CN, Rt^H 

polymer 37 Ri=Rf=n-hexyloxy, R 2 =n-hexyl, R S =H, R4=CN 
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polymer 38 R,=Rj=R 4 =r 3 =h, R 2 =2-ethylhexyloxy 
polymer 39 R|=R4-R s =rl. Ri=2-ethylhexyloxy, Rj=CN 
polymer 40 R,=R 3 =n-hexyU R 2 =t-butyl, Rj=R ( =H 
polymer 41 R,=Rj=R 3 = n -hcxyloxy, RjHEU-M 
polymer 42 Ri=R 3 =R s =n-hexyloxy, R 3 =CN, R,»H 
polymer 43 Ri^Rj^-hexyloxy, R 2 =n-hexyl, Rj-H, R,=CN 



polymer 44 Ri=R3=R 4 =R6="H > R5-R 5 -.2-etliylhexyloxy, 
p-q-I 

polymer 45 Ri=Ri=R4=R 5 =H, Rj-Rd-S-ethylhexyloxy, 

polymer 46 Ri=R4-R 5 =H. R 2 =R 6 =2-et!iylhexyk«y, 

Rj=CN, p-q=J 
polymer 47 Ri=R 2 =Ra=n-hexyloxy, R3-R4-RS-H, p=q=2 
polymer 48 R,=R2=R6=n-hexylcixy,R3=R4=R5=H, p-q=l 
polymer 49 Ri=R 8 =n-hexytaxy, R 2 =t-butyl, R 3 =R4=R 3 =H, 

p=q=l 

polymer 50 R|=R<rn-hexyloxy, R 2 ^-butyl, R 3 =Rs=H, 

R4=CN, p=q=l 
polymer 51 Ri=Rj=n-hexylaxy 5 R 2 =t-butyl, R 3 =CN, 

R 4 =-R 6 HH s p=q=l 
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polymer 52 Ri=R. 3 =R 4 =R J =H J R 2 =2-ethylhexyloxy 
polymer 53 Ri-R*-Rs-H, Rr=2-ctbyIhejiyloKy, RrrCN 
polymer 54 Ri-Rz^Rj'Ti-hexyl, R 3 =R4=H 
polymer 55 R, =R 2 =R 5 =n-hexyioxy, R 3 =R4=H 
polymer 56 Ri=R2=Rs=n-heJcyioKy, R3-CN, R4-H 
polymer 57 R|=^Rj=n-hexy1oxy, Rz=n-hexy], R3H I, R4=CN 




R2 



polymer 58 R,=R J =R 4 =R 5 =H 1 R 2 =Ri-2-ethylbexyIoxy 
polymer 59 Ri=R+=Rtf=H, R 2 =Rs=2-ethylhexylcxy, R 3 =CN 
polymer 60 Ri=Ri=R5=n-hexyi t R 3 =R4=R<s=H 
polymer 6 1 R)=R 2 =R5=n-hex.yloxy, Rj-Rt-Rs-H 
polymer 62 R|=Ri=Rs=n-hex.yloxy, R } =CN, R4=Rs=H 
potymer 63 R[=R s =n-hexy]oxy, R z =n-hexyl, R 3 =R 6 = H, 
R4=CN 
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polymer 64 Ri=Rj=R4=R?=H. R 2 =R<;=2-ethylhejcyIoxy 
polymer 65 R^R^R^H, R 2 =R 3 =2-etfiyihex:yloxy J R3=CN 
polymery RrR 2 -R s -n-hexyl, R 3 =R4=R«=H 
polymer 67 Ri=R I =R 3 =n-hexyIoxy J Ra-R^Rj-H 
polymer 68 Ri=R 2 =R s =n.liexyloxy, R 3 =CN, R^R^H 
polymer 69 RrR 5 -n-hexyloxy, Rj^n-hexyl, Rj=R 6 =H, 
Ri=CN 




polymer 70 Ri=R3=R4=Rj=R 6 «H, R2=2-ethyUie!tyloxy 
polymer 71 Rj-R.-RHflHH, R 2 =2-ethylhexyIoxy, Rj=CN 
polymer 72 Ri=R 2 =Rs=n-hexyl, R 3 =R 4 =R S =H 
polymer 73 Ri=R a =R 6 =n-hexyioxy, Rj>=R4=Rj=H 
polymer 74 Rz^Rj^R^-hexyloxy, Ri=R 3 =R4=H 
polymer 75 Ri=R J =R 4 =H 1 R 2 =2-«th>'thexyloxy, 

R s =methoxy, R 6 =3,7-dimethyloctyIoxy 
polymer 76 R^-I-I, Rrf-ethylhexyloxy, Rj=CN, 

Rj=methoxy,R 6 ="3,7-diraeaij1octyfoxy 
polymer 77 R,=R 3 =R 4 =H, Ri=2-etbylhc;iyloxy, 

Rs = R«=N.N-diphenylainino 
polymer 78 Ri=R 3 =H, R 2 =2-ethytliexylojiy, R4=CN, 

Rj-Rs=N,N-diphenylaini n o 
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polymer 79 R l =Rj=R 4 =R 3 -H 1 R 2 =Rs-2-etliylhexj4ox> 
polymer 80 R|=R,=R 6 =H, Rj=Rj=2-e1hylhexyloxy, Rj=CN 
polymer 81 Ri=R 2 =R s =r)-hexyl, R 3 =R 4 =*R 4 =H 
polymer B2 R 1 =Ri=R 3 =n-hex.Yloxy, R.=R4=R6=H 
polymer 83 Ri=R 2 =R 5 »n-1iexyloxy, R 3 -CN, R^Rs-H 
polymer 84 Ri=R s =n-hexyloxy. R 2 =n-hexy[, Rj=R<=K, 



polymer 85 R|-=R 3 -R4=R 5 =R<s^H, R 2 =2-ethylhexyloxy 
polymer 86 R^R^Rj-Rs-HL, R 2 =2-cthylhexyloxy, Rs-CN 
polymer 87 Ri=R 2 =Rj=R 6 =n-hexyl, R 3 =R4=H 
polymer 8B Ri=R 2 =R J =R 5 =n-liexy], Rj=CN, R,=H 
polymer 89 R|-R 2 -R6-n-rjcxyi, Rj-R,i=Rj=H 
polymer 90 R,=R 3 =R4=H, R 2 =2-ethylhexyIoxy, R s =R s =n- 
hexyl 

polymer 91 Ri«=R 3 «H, Ri=2-ethylhexyloxy, R^CN, 

Rs=Rs— n-hexyl 
polymer 92 R 1 =R 2 =n-hexyloxy, Rj-CN, R4=H, Rj=R 6 =n- 

actyf 

Polymer 93 R|=R 2 -n-hexyloxy, R 3 =R4=H, R 3 =-R 6 -n-octy] 



R4=CN 
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polymer 94 Ri=R 3 =R4=H, Ri=2-ethy1hexyloxy 
polymer 95 RrR-s-H, RrS-ethylhexyloxy, Rj-CN 
polymer 96 Ri=Rr=n-hexyl, R 3 =R*=H 
polymer 97 R|=R 2 =n-he:xyloxy, R 3 =E-,=H 
polymer 98 Ri=Rr=n-liexyloxy, R 3 =CN, R*=H 
polymer 99 Rp-n-hexjioxy, R2=n-hexyl, Rj=H, R4=CN 




polymer 100 R]=R 3 =R4=R 5 =H, R 2 =2-ethylhexyloxy 
polymer 101 Ri^Rr^-ethylhexyloxy, R4=Rs =: H 1 R 3 =CN 
polymer 102 R,=R2=Rs=n-hexyl, R 3 =Ri=H 
polymer 103 R^Ri^Rs^n-hexyloxy, Rj=R4=H 
polymer 104 R]=R2=Rs=n-liexyIoxy, R J =CN' 1 R4=M 
polymer 105 R|=Rj=n-hexyloxy, R2=n-hexyl, R 3 -H, 
R4=CN 
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polymer 106 Ri=Rj=R4=R 5 =H ) R 2 =2-ethytliex:yloxy, p=l 
polymer 107 R i=Rj=2-ethylhexyloxj' > R 4 =R j =H I R } =CN, 

polymer 108 Ri-R 2 -R s =n-hexyl, R 3 =R4=H, p=2 
polymer 109 R,=R,=n-!iexyl, R2=n-hexylc«y, R 3 =R4=H, 
p=2 

polymer 1 10 R^Rj-n-hexyl, Rj-n-hexyloxy, Ri=CN, 
R*=H, p-2 




polymer 111 R i =r 3 =r^=r 5 -r 6 =h, R 2 =2-ethyihexyloxy, 
p-l 

polymer 112 R,=R2=2-ethylhexylosy, R^RsHRs^, 
R3=CN,p»i 

polymer 113 Ri=Ra=2-ethy1hexyloxy, R J =H 4 =R s =R a =H, 
p=2 

polymer 114 R,=R 3 -R«..Rj=H J Rr-2-cthylhcxylcxy, R 6 =2- 

clhylhexyl, p=l 
polymer 1 1 5 Ri=Rs=R 6 =n-hexyl, R,=t-butyl, R^^H, 

polymer 1 16 R^R^R.pn-hexyl, R 2 =t-butyl, Rj=CN, 
R 4 =H, p=! 
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polymer 117 R ( =R 3 =R4=R 3 =H, R 2 -2-ethylhBxyloxy 
polymer 1 18 R f =R 2 =2-ethylhexyloxy, R 4 =R S =H, R 3 =<:N 
polymer 1 19 Ri=Rj=R4=H, Rj=2-ethylheiyloxy, R 5 =2- 
ethylhexyl 

polymer 120 R|«R 3 =R4=H, R 2 =2-ethylhexyloxy, R 5 =2- 
ethylhexyl 

polymer 121 R,=R4=H, Ri=2-etiiy]hexyloxy, R 3 =CN, 

R 3 =2-ethylhexyl 
polymer 122 Ri=R 5 =tl-hexyl, R 2 =n-hexyloxy, R 3 =CN, 

R4=K 



polymer 123 Ri=R J =R i =R 5 =H, Rr=2-ethyIhexyloxy 
polymer 124 R,=R 5 =n-hexy], R 2 =n-hexy]oxy, R 3 =CN, 
R4-H. 

polymer 125 Rt-Rrf-ethylhexyloxy, R*=R 5 =H, R 3 =CN 
polymer 126 R,=R 3 =R4=H, R 2 =2-ethylhexybxy, R 5 -2- 
ethylhexyl 

polymer 127 Ri=Ri=H, R 2 =2^ftyUiexyIoxy, R 3 =CN, 

R 5 >=2-ethylhexyl 
polymer 128 Ri=R 5 =n-hexy3, R 2 =t-butyl. R)=R4=H 
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polymer 129 R^R^jft^R^R^H, Rz-2-ethyIhcxylDxy, 

Rs=n-hexyl, p=I 
polymer 130 Ri=R a =2-ethylHexyloxy, r 4 =r 4 =r 7 =h, 

R 3 =CN,R,=n-hexyl,p-l 
polymer 131 Ri=R 2 =2-ethy]hexyloxy, R^R^Rs^H, 

Rs=R7=n-hesyl, p=2 
polymer 132 R^Rz^-elhylhexyl, R 3 =R 4 =R 6 =H, R s «R 7 =n- 

hexyl, p=2 

polymer 133 R[=2-ethylhexyJxoy, R 2 =t-butyI,Rj=CH 

R4=Rs=H, R 5 =R 7 =n-hexyl, p=2 
polymer 134 R l =R 7 =2-ethylhcxykoy, R 2 =t-butyl, R3=CN : 

R4=R<s=H, Rj=n-hexyl, p=2 



polymer 135 Ri=R 3 =R4=R5=Ra i =H,R a ='2-cthylhcxy1oxy, 



polymer 136 Ri=Ri=2-ethylhexy!oxy, R^r^r^h, 

R>=CN,p=r=l,q=2 
polymer 137 Rr-Rj-2-ethyIhexyIoxy, Rj=R ) =R j =R 4 =H, 

p=q=r=2 

polymer 138 R 1 =R 3 =R 4 =R 5 = H) R^-etliyihexylOJty, R s =2- 




p=q=r=l 



ethylhexyl, p=r=l , q=2 
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polymer [39 Ri=R s =R 4 =n-hexyl, R 2 »t-butyl, R 3 =R,=fl, 
p-q=r=l 

polymer 140 R|-R 5 =Rs=n-hexyl, R^t-bufyi, Rj-CN, 
R-i=H, p=q=r=l 




polymer 141 Ri-Rj-Ri-H, Rr=2-ethylhexyloxy, X=0 
polymer 142 Ri=Ri=H, Rj=2-ethylhexyloxy s Rj-CN, X=S 
polymer 143 R|=R*=n-hexyl, R 3 =R4=H, X-O 
polymer 1 44 R 1 =R 2i =n-hexyloxy ) Rj-R^H, X-S 
polymer 1 45 Ri^^-hexytoxy, R,=CN, R4=H, X=0 
polymer 146 R|=n-hexyloxy, R^a-hexyl, R 3 =H, R4=CN, 
X=0 




polymer 147 Ri=R 3 =R*=Rs=H, R 2 =2-ethylhexyIoxy 
polymer 148 RrR 2 =2-ethylhciiytoxy, R 4 =R S =H, R,=CN 
polymer 149 R^R^Rj-n-hexyl, RHR^H 
polymer 150 R^R.pn-hexyl, R^i-hexylcxy, R 3 =Ri=H 
polymer 151 Ri=R s =>n-hexyl, Rj=n-]iexy]oxy, R 3 =CN, 
R4-H 
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polymer 152 R|=Rj=R4=Rs=R 6 =H, R 2 =2-cthylhexyloxy 
polymer 153 Ri=R 2 =2-ethylliexyIoxy, R4=R 3 =R<HH, 
R 3 =CN 

polymer 154 Ri=R2=2-eth>'tliexyIoxy 7 R3=R4 : =Rs=R$=H 
polymer 155 R|=R 3 =R4=R5=H. R 2 =2-ethylh«xyloxy, R 6 =2- 

ethylhexyl, ppl, q=2 
polymer 156 R!=R 5 =Rs=n-hexyl, Ra=t-buc>i, Rj=Rj=H 
polymer 157 R^Rs^Rfi-n-hexyl, R 2 =t-butyl, Rj=CN, 

R4=H 




polymer 158 Ri=R } =R4=Rj=H, R 2 =2-elhylhexyloxy 
polymer 159 R,=R 2 =2-ethylhexyloxy, R4=R 3 =H, Rj=CN 
polymer 160 R|=Rj=Rj=n-hexyloxy, R 3 =R4=H 
polymer 161 R]=R s ^ti-liexyl, R a =n-hexyloxy, R 3 =R4=H 
polymer 162 R]»R 5 =n-hexyl, R 2 -n-hejcyloxy, R 3 <]N, 
R4=H 
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polymer 163 R,-R ? ~R4=R.5=H, R 2 =2-cthylhcxylosy 
polymer 164 Ri=R 2 =2-cthylhexyloxy, R4=R 5 =H, Rj=CN 
polymer 165 Rt=R2=Rj=n-hexyloxy, R 3 =R4=H 
polymer 166 Ri-R 5 =n-hexyl, Ri-rt-hexyloxy, R 3 "=R4«H 
polymer 167 Ri=Rs=n-hexyl, R2*»n-hexyloxy. R5=CN. 
R,=H 




polymer 168 Ri-R3=Rt=H, R2=2-ethylhexyloxy, p=q=l, 
X-S 

polymer 169 R[=Ri=H, R 2 -2-ethylheKyloxy, R 3 =CN, 
Ri=2-eihylhexyloxy, p=q=l, X=S 

polymer 170 R[HR.2=ri-riexyl, R 3 =R 1 =H J p=q=l, X=N-n- 
hcxyl 

polymer 171 R^Rj^n-hexyt, R 3 =R,=H, p=q=0, X=N-n- 
hexyl 

polymer 172 Ri=R 2 =ii-hexyloxy, R3=R-i=H 
polymer 173 Ri-R 2 =n-hexyloxy, R 3 =CN, Rt=H, p=q=l, 
X=ts-n-hexyl 

polymer 174 Ri=n-hexyloxy, R 2 =n-hexyl, Rj=H, R,=CN, 
X=O jP =q=l 
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polymer 175 R|=n-hexyloxy, R2=2-ethylhexyl, Rj=H, 
R4-CN, X=O t p=q=2 

In formula I, Ar can be one 01 the combination of more than one of 
the above divided groups. The specific molecular structures can be the 
combination of any of the above drawn structures. 

The polymerization method and the molecular weights of the 
resulting polymers used in the present invention are given here as only illustrative. 
The polymers may be prepared by condensation polymerizations such as Wittig 
reaction, Homer-Emmons reaction, Knoevenagel condensation, Heck reaction, or 
a precursor method (Science, 1995, 269, 376), preferably by a Homer-Emmons 
reaction or a Knoevenagel reaction. According to the present invention, the above 
mentioned polymers were prepared by a Homer-Emmons reaction between an 
aromatic dicarboxyaldehyd e and 1 diphosphate, or a Knoevenagel reaction using 
an aromatic dicarboxyaldchyde and a dicyano compound in die presence of a 
strong base such as polassium t-butoxide or sodium hydride. The synthetic 
schemes for polymers and monomers are illustrated in Schemes 1-7, 

FIG. 1 illustrates the basic structure used to construct organic EL 
devices. It is a bi-layei structure including a hole transport layer 30 and an 
electron transport layer 40. The electron transport layer 40 is also the emissive 
layer from which electroluminescence originates. Together they fonn. the EL 
medium 50. The anode layer 20 is adjacent to the hole transport layer 30 and the 
cathode 60 is adjacent to the electron transport layer 40. The substrate is layer 10. 
This figure is for illustration only and the individual layer thickness is not scaled 
according to the actual thickness. 

FIG. 2 illustrates an alternative construction of the EL device. It is 
a modified bi-layer structure. The EL medium contains an emissive layer between 
the hole transport layer 300 and the electron transport layer 400. This emissive 
layer is the layer where electroluminescence originates. Thus, layer 300 is the 
hole transport layer, layer 400 is the emissive layer, layer 500 is the electron 
transport layer, and together they form the eleclruluminescent medium 600. Layer 
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200 is the anode and layer 700 is the cathode. The substrate is layer 1 00. This 
figure is for illustration only and the individual layer thickness is not scaled 
according to the actual thickness. 

The bi-layer EL devices are the basic structure providing high 
luminous efficiency and low operating voltage. Alternative EL device structures 
have been demonstrated to provide improved device performance. These 
alternative structures include features in addi ticm to the basic bi-layer structure 
such as the following structure A) hole injection layer as disclosed in commonly- 
assigned U.S. Patent No. 4,356,429); B) cathode modification with alkaline or 
alkaline halides as disclosed in commonly-assigned U.S, PatentNo. 5,776,622; C) 
anode modification with plasma-deposited fluorncarbems as disclosed in 
commonly-assigned U.S. Patent Application No. 09/191,705; and D) doped 
emitter layer inserted between the hole transport and electron transport layer as 
disclosed in commonly-assigned U.S. Patent No. 4,769,292. 

PIG. 3 illustrates another alternative construction of an EL device. 
It is a single-layer structure comprising an emitting layer 3000, sandwiched 
between an anode 2000 and cathode 4000. The emitting layer 3000 also acts aa a 
charge canier layer. Thus, single layer 3000 is the electroluminescent medium. 
The substrate is layer 1000. This figure is for illustration only and the individual 
layer thickness is not scaled according to the actual thickness. 

A preferred EL device structure of this invention is a single-layer 
Structure comprising an anode, a cathode, and single layer of electroluminescent 
medium. This electroluminescent layer is the emissive layer, and is also capable 
of transporting electrons as well as holes. The principle function of this layer is to 
provide efficient emissive centers for electroluminescence. This layer can 
includes one of the above mentioned polymers or the blend of two or more 
polymers, or polymers doped with one or more fluorescent dyes (FD) or other 
light-emitting materials. The fluorescent dye is usually present in an amount on 
the order of a few molar percent or less of the host polymer and it is sufficient to 
cause die EL emission to be predominantly that of the fluorescent dye. Using this 
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method, highly efficient EL devices can be constructed. Simultaneously, the color 
of the EL devices can be tuned using fluorescent dyes of different emission 
wavelengths. By using a mixture of fluorescent dyes, EL color characteristics of 
the combined spectra of the individual fluorescent dyes are produced. This dopant 
scheme has been described in considerable detail for EL devices in commonty- 
assigned U.S. Patent No. 4,769,292. An important criterion for choosing a 
fluorescent dye as a dopant capable of modifying the hue of light emission when 
present in a host material is a comparison of their energy bandgap. For efficient 
energy transfer from the host to the dopant molecule, a necessary condition is that 
the energy bandgap of the dopant is smaller than that of the host polymer. 
Preferred fluorescent dyes used as the dopant in the emissive layer include but are 
not limited ta coutnarins, stilbenes, distrylstiben.es, anthracene derivatives, 
tetracene, perlenes, rhodanimes, and srylamincs. 

The molecular structures of the preferred fluorescent dyes for the 
emissive layer in the EL device are listed as follows: 

111 




n 



FD 1 R-H 



FD 2 R^CCfePr-i 




FD 3 R=H,R'=t-Bu 
FD 4 R-RM-Bu 
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FD8 R=H 

FD9 R=Mc 

FD 10 R=Pr-i 

FD 11 R=2 ethylheityl. 
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12 



FD 12 R,=R2=Me,X=0 
FD 13 R.|=RHiexyl.X=0 
FD 14 Ri=R2=phenyl, X=0 
FD15 R l ~R 2 =Me, X=S 
FD16 Ri-R 2 -hexyI,X=S 
FD n Ri=R 2 =ptienyl, X=S 




FD 18 R=n-hexyl 
FD 19 R=phetiyl 

The above mentioned polymers can be deposited as high quality 
transparent thin films by spin-coating or inkjet printing the polymer solutions. 
Preferably, the spin-coating technique is used to form layer 3000, and preferably, 
only one polymer is deposited as single layer of elecrraluminescent medium. 

Preferred materials for use in forming the anode modified with 
fluorocarbons are disclosed in commonly-assigned UJS. Patent Application No. 
09/191,705. 

Preferred materials for use in forming the cathode of the EL 
devices of this invention are Mg, La, or alloys of these materials as disclosed in 
U.S. Patent No. 5,429,884 and commonly-assigned U.S. Patent No. 5,776,622. 
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EXAMPLES 

The invention and its advantages are Eirttwr illustrated by the 
following specific examples: 

Synthesis of Monomers 
Monomers to be used in the present invention are illustrative only. 
Any monomers can be used as long as the polymer formed satisfies the general 
formula (I). Typical monomer and polymer synthesis is illustrated in Schemes 1 - 

7. 




Scheme 1 



26 



(61) 



#Bfl 2002-93582 



0 I T T 
HO^-^OOOCH, lift ^COOCKj 



KM' COOCHj 



n 



""Yy'"" i^nr "Vv"-" gag, "Vy""' 

ri rn rn 



Scheme 2 
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Scheme 3 
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is 

Scheme 4 



2. I, C " f " 



S 0 



zs 



Scheme S 
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CSH„ 



POCIj/DMF ™W. 



Scheme 6 



CHO- *7,-CllO 



Ai! PIOBlh 



CHO-A|,-CHO + CN-^-A^~~CN 



Scheme 7 



Example 1; synthesis of 2,6-bis(2-*thyll»eKyIoxy)anthrnqutaone (compound 
1) 

2 > 6-Dihydroxyanthraqtiittone(100.0g, 0.42 mol) and 2-ethylhexyl 
bromide ( 1 65.0 g. 0.86 mol) were dissolved in 1 L of DMF. To this solution was 
added anhydrous K 2 COj (1 20.0 g, 0.87 mol). The reaction waa heated at 90 6 C 
overnight. Mosl of DMF was removed and 500 ml of water was added. The 
reaction was extracted with ether (3x400 mL), washed with brine (1x200 mL), and 
dried over MgSO+. Solvent was removed and the crude product was rccrystallized 
from methanol to give yellow powder/ product 125.21 g (65% yield). 'H NMR 
(CDCIj) 5 (ppm): 0.92-0.98 (m, 12H,CH 3 ), 1.34-1.54 (m, 16H), 1.75-1.81 (m, 
2H, CE(CH 3 », 4.02 (d, J = 5.5 Hz, 4H, OCHj), 7. 19 (d, J = 8.4Hz, 2H). 7.70 (s, 
2H), 8.19 (d, J - 8.5 Hz, 2H); U C NMR (CDC1 3 ): 1 1. 12, 14.06, 23.04, 23.88, 
29.08, 30.51,39.34,71.34, 110.64, 120.84, 127.00, 129.62, 135.S8, 164.29, 
182.27. M.p. 4S^5I °C; FD-MS: m/z464 (M*). 
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Example 2: synthesis of 4-bromo-2-t-butyldimethyfeiIyloxymethylbet)zene 
(compound 2) 

To a, 1-L round-bottomed flask were added 4-bromobenzyl alcohol 
(1 00.0 g, 0.53 mol), imidazole {91 .0 g, 1 .34 mol), t-butyldimethylsilyl chloride 
(TBDMS-C1) (96.5 g, 0.64 molX and DMF LOO mL The reaction mixture was 
stirred at room temperature under nitrogen overnight. The reaction was poured 
into water and extracted with ether three times and the combined organic phase 
was washed with water three times and dried over MgSO«. After solvent was 
removed, Trie product was obtained as light yellow liquid 1 54.2 g (62% yield}. l H 
NMR (CDClj) 5 (ppin): 0.07 (s, 9H), 0.9 L (s, 6H), 4.65 (s, 2H), 7.17 (d, J — 8.2 
Hz, 2H), 7.42 <s, J - 8.3 Hz, 2H); ,S C NMR (CDC1 3 ): -1.71, 21.93, 29.48, 67.89, 
124.13, 131.27, 134.82, 144.02; FD-MS: m/z 301 (M 4 ). 
Example i: synthesis of 2,6-bls(2-ethylhexyioxy)-S,10-di(4- 
hydroxymethylphcnyljanthractiie (compound 3) 

Compound 2 (67.2 g, 0.22 mol) was dissolved in 300 mL of 
anhydrous THF and cooled to -78 °C. To this solution was added n-BuLi (2.5 M 
in hexane, 86 mL, 0.22 mol) slowly to maintain the temperature lower than -60 
"C. After addition, the orange-yellow solution was stirred at -78 °C for an hour. 
Compound 1 (30.0 g, 0.065 mol) was dissolved in 200 mL of anhydrous THF and 
added dropwise to the above cooled soultion. TLC analysis indicated the 
completion of the reaction. The reaction was warmed up slightly and HI solution 
(57% in water, 145 g, 0.65 mol) was added slowly to quench the reaction and to 
de-protect the TBDMS group. The deep blown reaction was heated at reflux for 
10 min. and most of the solvent was removed under reduced pressure. The 
reaction mixture was then extracted with methylene chloride three times. The 
combined organic phase was washed with saturated sodium metabisulfate 
solution, water, and brine, and dried overMgSO*. The crude product was 
obtained as brown viscous oil and was purified by column chromatography on 
silica gel with 20:80 ethenhexane as eluenL The pure product was obtained as 
light green-yellow solid 20.2 g (48% yield). 'H NMR (CDCI3) 5 (ppm): 0.82- 
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0.89 (m, 12H, CHj), 1.26-1.4-3 (m, 16H), 1.60-1.66 <m,2H), 1,85 {s.br, 2H.OH), 
3.72 (d, J - 5.5 Hz, 2H, OCH 2 ). 4.89 (s, 4H, benzylic), 6.84 (d, I = 2.0 Hz, 2H), 
7.00 (del, J, = 9.3 Hz, J 2 - 12. Hz, 2H), 7.47 (d, J = 7.9 Hz, 4H, phenyl ring), 7.52 
(d, J « 9.7 Hz, 2H), 7.61 (d, J = 7.8 Hz, 4 H, phenyl ring); ,3 C NMR (CDCb): 
11.17, 14.03,23.00,23.89,29.08,30.64,39.16,65.37,70.17, 103.90, 120.07, 
126.98, 127.13. 128.07, 129.56, 131.46, 134.74, 138.95, 139.85, 155.71; M.p. 
1 10-112 °C: FD-MS: m/z 646 (M*). 

Example 4: synthesis of 2,&-bis(2-ethylheiyloxy>9 t 10-dl(4- 
brojmoniethylphenyQsuithracene (compound 4) 

Compound 3 (4.40 g, 6.8 mmrjl) was dissolved in 25 mL of 
anhydrous THF and cooled to 0 *C. PBr 3 (1 .3 mL, 17 mmol) was added dropwise. 
The reaction was stirred at room temperature overnight and then quenched with 
water, extracted with methylene chloride. The combined organic phase was 
washed with brine and dried over MgSCV The crude product was purified by 
column chromatography on silica gel uaing 15:85 CH;>Cli:hexane as eluentto give 
3.90 6 of yellow crystals (74% yield). *H NMR (CDCla) 8 (ppm): 0.82-0.88 (m, 
12H, CH 3 ), 1.23-1.42 (m, 16H), 1.61-1.69 (m : 2H), 3.71 (d, J = 5,7 Hz, OCH 3 ), 
4.67 (s, 4H, benzylic), 6.78 (d, J = 2.4 Hz, 2H), 7.00 (dd, J, = 9.5 Hz, J 3 -2.4 Hz, 
2H), 7.43 (d, J - 8.0 Hz, 4H, phenyl ring), 7.49 (d, J = 9.5 Hz, 2H), 7.62 (d, J = 
8.0 Hz, 4H, phenyl ring); l3 CNMR (CDClj): 11.15, 14.06, 23.04, 23.88, 29.03, 
30.62, 33.46, 39.06, 70.36, 103,83, 120.29, 126.81, 127.98, 12957, 129.53. 
131.68, 134.40, 136.91,139.84, 1S5.80; M,p. 105-107 «C; FD-MS: dVz 772 
(M*). 

Example 5: synthesis of 2,6-bis(2-ethylhexyloxy)-9,l0-di(4- 
methylenediethylphosphBte phenyDanthiacene (compound 5) 

Compound 4 (3.80 g, 4.9 mmol) and triethyl phosphite 95 mL, 29 
mmol) were placed in a 50-mL round-bottomed flask and heated to 100 °C for 4 
hours, After cooled to room temperature, the product was recrystallized from 
hexane to give 3.94 g of cream color fine needle crystals (90% yield), 'h NMR 
(CDa,)6(ppm): 0.83-0.89 (m, !2H,CH 3 ), 1 .27-1.43 (m, 28H), 1 .59-1.66 (tit, 
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2H), 3.34 (d, J = 41.7 He, 4H, benzylic), 3.71 (d, J - 5.3 Hz, 4H, OCHJ, 4.08- 
4.18 (m, P{0)OCH 2 , 8H), 6.84 (d, J = 2.3 Hz, 2H), 6.99 (dd, J, = 9.5 Hz, Jj=2.4 
He. 2H). 7.42 (d, J = 7.8 Hz, 4H, phenyl ring), 7.48 (d, J- 9.5 Hz, 2H), 7.55 (dd, 
Jt = 8.0 Hz, J 2 = 2.2Hz, 4H, phenyl ring); l3 C NMR (CDClj): 11.21, 14.04, 
16.46, 16.54, 23.01, 23,92, 29.14, 30.66, 32.89, 34.72, 39,37, 62.20, 62.29, 70.02, 
103.95, 120.00, 127.00, 128.06, 129.56, 129.99, 13D.08. 130.71, 1 30.83, 131.44, 
131.47, 134.67, 138.12, 138.17, 155.76; M.p. 94-96 C C; FD-MS:m/z 8S6 (M 4 ). 
Example 6: synthesis of 2,S-bis(2-e<liyIhciyloxyi-E),l*-di(4- 
forraylphenyl)anthiacene (compound 6) 

Compound 3 (1 0.O g, 0.01 5 mol) was dissolved in ISO mL of 
methylene chloride and pyridinium cMorochromate (PCC) (8.0 g, 0.037 mol) was 
added. The reaction was stirred at room temperature overnight. The reaction was 
quenched with 100 mL of water and stirred for 1 n. The deep brown reaction 
mixture was filtered through a pad of celite and was extracted with methylene 
chluride three times. Trie combined organio phase was washed with dilute HC1, 
water, and brine, and dried over MgS0 4 . The crude product was purified by 
column chromatography on silica gel with 1 : 1 CH 2 CI 2 :hexane as eluent to give 
pure product as bright yellow crystals 7.0 g (70% yield). 'H NMR (CDCls) 5 
(ppm): 0.82-0.88 (m, 12H, CH 3 ), 1.20-1 .43 (m, 16H), 1.60-1 .68 (m, 2H), 3.70 (d, 
J - 5.5 Hz, OCH 2 ), 6.73 (d, J = 2.2 Hz, 2H), 7.04 (dd, J, - 9.5 Hz, J 2 -2.4 Hz, 2H), 
7.44 (d, J = 9.5Hz, 2H), 7.67 (d, J - 8.0 Hz, 4H, phenyl ring), 8.15 (d, J = 8.0 Ha, 
4H, phenyl ring), 10.21 (s, 2H, aldehyde); I3 C NMR (CDC1 3 ): 11.13, 14.02, 
22.97, 23.87, 29.07, 30.59, 39.12, 70.22, 103.37, 120,80, 127.59, 129.12, 130.00, 
132.03, 134.01, 135.69, 146.38, 156.10, 192.00; M.p. 125-127 °C; FD-MS:m/z 
642 (Nf ). 

Example 7: synthesis of dimethyl 2 ) 5-his(diphenyIamjno)-3,$- 
dihydroterephthalote (compound 7) 

Dimethyl sucdnylo succinate (DMSS, 50 g, 0.22 mol) is placed 
into a round-bottomed flask. Aniline (1 00 ml) is used in excess as a solvent and 
the reaction mixture is heated to [ 00° C for 2 hours during which a solid 
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precipitated out of solution. TLC analysis {CHiCl 2 :Hexane/l :]) showed the 
presence of DMSS so the reaction temperature was increased to 120° C and stirred 
for additional 4 hours. The reaction was cooled, and EtOH was added. The 
product web collected by vacuum filtration. The crude product was washed with 
additional EtOH until washings were almost colorless. The product was oven 
dried to give an orange solid 82 g (quantitative yield). l H NMR (CDCb) 8 (ppm): 
3.39 (s, 4H), 3.65 (s, 6H, COOCH 3 ), 7.09-7.38 {m, I OH, aromatics), 10.62 (s, 2H, 
NH); l5 CNMR{CDCb>: 27.65, 30.84,88.71, 124.63, 124.75, 129.12, 139.35, 
1 56.74, 169.31; M.p. 236-238 °C; FD-MS. m/z 378 (M 4 ). 
Example 8: synthesis of dimethyl 2,5-bis{di|Aenylamino)lereplithalate 
(compound 8) 

Compound 7 (80 g, 0.2 1 mol) was dissolved in CH 2 C1 2 and heated 
gently during which the solution turned dark red in color. TLC 
(CH2Ch:hexane/l : 1) was used to monitor the reaction. Once all starting material 
was gone, CHiCI 2 was partially removed by rotary evaporation and replaced with 
EtOH, Once all the CH 2 C1 2 was removed, the red solid was collected by vacuum 
filtration while hot and washed with EtOH until washings are almost colorless. 
Product was collected and oven dried to give 73 g red solid (92 % yield). ). 'H 
NMR (CDCb) 6 (ppm): 3.83 (s, 6H, COOCH 3 ), 7.00-7.34 (m, 10H, aromatics), 
8.00 (s, 2H, aromatics), 8.56 (s, br, 2H, NH); l3 C NMR (CDCl 3 ): 52.20, 1 18.58, 
118.96, 11P.71, 122.06, 129.38, 137.71. 141.88. Id7.78; M.p. 164-166 °C; FD- 
MS: mJz 376 (M + ). 

Example 9: synthesis of dimethyl W.N.N'.N'-tctraphenjl 2,5- 
cliaminotciephthaUte (compound 9) 

Compound 8 (40 g, 0. 1 1 mol), iodobenzene (200 ml, 1 .79 mol), 
KsCOjpOg, 0.14mol), and copper (1.4 g, 0.022rnol) were all placed in a round- 
bottomed flask under Nj. The mixture was heated at 1 85° C for 24 hours. TLC 
(CH 2 Cl 2 :hexane/l:l) indicated the completion of the reaction. The reaction was 
cooled and CH 2 C1 2 was added. After filtering and washing with CHzClz, the 
filtrate was concentrated to give a suspension. EtOH was added and tie resulting 
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precipitate was collected by filtration and wasted with EtOH. The product was 
oven dried to give a yellow solid 45 g (80 % yield). 'H NMR (CDCIj) 8 (ppm): 
3.35 (s, 6H, COOCH 3 ), 6.96 -7.28 (m, 20H, aromatics), 8.44 (3, 2H, aromatics); 
13 C NMR (CDCI3): 51.94, 122.69, 123.0O.t29.lS, 131.00, 132,47, 142.17, 147.32, 
166.76; M.p. 249-251 "C; FD-MS: m/z 52S (M*). 
Example tO: synthesis of l,4-dihydroiymethyl-2^-bls(N,N- 
dipheny]amino)benzene (compound 10) 

Li AIH4 (6.4 8, 0. 17 mol) was placed under N 2 in a round-bottomed 
flask equipped with a reflux condenser. The flask was charged with anhydrous 
THF {-400 ml) and the suspension was cooled to 0° C. Compound 9 (40 g, 0.076 
mol) was added in portions over 60 rain. The mixture was warmed to room 
temperature for 1 5 min. and then refluxed for 45 rain. TLC (CH 2 Ch:hexane/l : 1 ) 
the completion of the reaction. The reaction wag cooled to 0° C and quenched 
carefully with water. After stirring for 30 minutes, ether was added. The aqueous 
layer was extracted 4 limes with ether. The combined organic phase was dried 
over N&1SO4 and concentrated to give a brown solid. This solid was recrystallized 
from toluene to give a yellow solid 34 g (95% yield). AA8790-I38). 4.36 (a,4H, 
benzylic), 7.00-7.50 (in, 22H, aromaties); M.p. 208-210 'C; FD-MS: m/z 472 
(M*). 

Example 1 1 : synthesis of 2,5-bis(N,N-dipheylamino)- 
terephthaltlicarboxyHldehyde (compound 11) 

Pyridinium Chlorochrornate (PCC, 3 0 g, 0.064 mol) and anhydrous 
CH 2 C1 2 (350 ml) are placed in a flask under N 2 . Compound 10 was added in 
portions during which time the mixture turns black TLC (CHjCl^hexane/l :1) 
indicated the disappearance of the starting material after 90 minutes while a new 
red spot appeared. The entire reaction mixture was filtered over a pad of celite on 
a fritted funnel. The funnel is washed thoroughly with CHjClj until the washings 
arc almost colorless. The filtrate was concentrated and purified using column 
chromatagraphy (CH 2 Cl 2 :hexane/l :1). After concentrating the pure fractions from 
the column, hexane was added and the product wag collected by vacuum filtration 



35 



(70) 



mm 2002-93582 



and washed with additional hexane. The product was oven dried to give a dark 
red crystalline sol id 2 1 .5 g (72 % yield), 'h NMR (CDC1 3 ) 8 (ppm): 7.01-7.06 
(m, 12HX 7-24-7.29 (in, 8H), 7.61 (s, 2H), 10.13 (5, 2H); ); ,3 C NMR (CDC1 3 ): 
123.13, 123.53, 129.10, 129.80, 136.49, 146.49, 148.34, 189.51; M.p. 260-262 
°C; FD-MS: m/z 468 (M*). 

Example 12: synthesis of l,5^>is(hexyIoxy)naphthn[cnc (compound 12} 

To a 500 mL round-bottomed flask were added 1,5- 
dihydroxynaphthalene (15.0 g, 0.094 mol), potassium carbonate (27.2 g, 0.2 mol), 
n-hexylbromide (32.5 g, 0.2 mol), and 200 mL of DMF. The reaction was heated 
to 90 °C overnight, cooled to room temperature, and poured into 700 mL of water. 
The dark brown precipitate was filtered and washed with methanol. The crude 
product was refluxed in methanol and then filtered to give light green solid 25.2 g 
(80% yield), 'h NMR (CDCh) S (ppm): 0.92 (t, J = 6.5 Hz, 6H), 1.35-1 .41 (m, 
8H), 1 .52-1.57 (m, 4H}, 1 .85- 1 .92 (m, 4H>, 4. 1 0 (t, J - 6.4 Hz, 4H), 6.8 1 (d, J =■ 
7.6 Hz, 2H), 7.30-7.36 (m, 2H), 7,84 (d, J = 8.3 Hz); M.p. 92-93 °C. 
Example 13: synthesis of l^-btsfbromomethy^^S-bis^exyloxj^naphthalBne 
(compound 13) 

Compound 12 (10,0 g, 0.030 mol) and paraformaldehyde (1.92 g, 
0.064 mol) were dissolved in 10 mL of acetic acid and HBr in acetic acid solution 
(33% in acetic acid,lZ3 mL, 0.064 mol). The reaction was heated at 50 C C for S h 
and cooled to room temperature The greenish precipitate was filtered, washed 
with water, methanol, and dried. The crude product was recrystalHzed from 
hexane to yield off-white needle like crystal 14.7g (94% yield). ). *H NMR 
(CDCb) 6 (ppm); 0.92 (t, J =6.5 Hz, 6H), 1 .36-1 .41 (ra, 8H), 1 .5 1-1 .57 (m, 4H), 
1.99-2.09 (m, 4H), 4. 13 (t, J = 6.4 Hz, 4H), 5 .3 1 (s, 4H), 6.84 (d, J = 8.2 Hz, 2H), 
7.37 (d, J- 8,2 Hz, 2H); M.p. 105-107 °C. 
Example 14: synthesis of 4,8-bisiicxj loxy 1-1,5- 
bis(methylenedie*ylphosphate)naphthaleiie (compound 14} 

To a 50 mL round-bottomed flask were added compound 1 3 (9.0 g. 
0,0 17 mol) and Methyl phosphite (7,5 mL, 0.044 mol). The mixture was heated to 
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100 °C for 4 hours and cooled to room teinperatuia The crude product was 
purified by column chromatography on silica gel using 10:90 acctone:methylene 
chloride as an eluent to give light brown solid which was rccrystallized from 
hexane to give pure product as oft-white needle like crystals 6.5 g (59% yield). 'H 
NMR(CDCl 3 )5(ppm): 0,92 (t, J = 6.8 Hz), 1.08 (t, J = 7,1 Hz), 1.36-1.41 (m, 
8H), 1 .47-1 .54 (m, 4H), 1 .95-2.05 (m, 4H), 3.75-3.9 1 (m ; 8H), 4.06-4. 1 4(d and t 
overlap, 8H, benzylic and OCHi), 4. 14 (s, 4H), 6.80 (d, J - 8.2 Hz, 2H). 7.23-7.27 
(m,2H); "C NMR (CDC1 3 ): 13.94, 16,23, 16.31,22.52, 25.94,28.84,31.60, 
33.92, 35.76, 61.34, 61.43, 68.84, 106.28, 106.29, 119.77, 119.92, 130.14, 130.24, 
156.04; M.p. 80-82 °C; FD-MS: m/z 628 (M*). 

Example 15; synthesis of 2,6-bis(hexyiaxy)naphihalene (compound 15) 

2,6-Dihydroxynaphthalene (30.0 g, 0.19 mol) reacted with, n- 
hexylbromide (97.5 g, 0.59 mol) in the presence of potassium carbonate (81. 6 g, 
0.59 mol) in 400 inL of Kvf F at 90 °C overnight. The reaction was poured into 
700 mL of water and the precipitate was filtered, washed with water and methanol, 
and dried. The crude product was recrystallizcd from methanol to give light gray 
solid 41.3 g (67% yield). 'H NMR CDd 3 ) S (ppra): 0.91 (t, J = 6.9 Hz, 6H), 1.32- 
1.40 (ra, 8H), 1.44-1.54 (m, 4H), 1.77-2.86 (m, 4H), 4.02 (t, J =6.6 Hz, 4H), 7,06- 
7. 12 (m, 4H), 7.60 (d, J = 8.8 Hz, 2H); M.p. 78-79 °C. 

Example 16: synthesis of l,S-bis(broiiiomethyl)-2 1 6-bls(hexyloxy)naplithalene 
(compound 16) 

Compound 15 (9.0 g, O.030 mol) and paraformaldehyde (1.87 g, 
0.062 mol) were dissolved in 40 mL of acetic acid and HBr in acetic acid solution 
(30% in acetic acid, 1 2.4 mL, 0.062 mol). The reaction was heated at 50 °C for 5 h 
and cooled to room temperature. The light purple precipitate was filtered, washed 
with water, methanol, and dried. The crude product was rccrystallized from 
hexarte to yield off-white needle like crystal 9.0 g (58% yield). ). 'H NMR. 
(CDOOS (ppm): 0.93 (t, J = 6.9 Hz, 6H), 1.37-1.42 (m, 8H), 1.51-1.61 (m,4H), 
1 .84- 1.93 (m, 4H), 4. 1 8 (l, J = 6.4 Hz, 4H), 5.07 (s, 4H), 7.35 (d, J = 9.3 Hz, 2H), 
8.03 (d, J -9.3 IIz,2H); M.p. 1 1 0-112 e C. 
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Example 17: synthesis of 2,6-bis(hexyloxy)-l,5- 
bis(methyl«nedicthylphosphflte)naphthalene (compound 17} 

To a 50 mL round-bottomed flask were added compound 16 (S O g, 
0. 1 6 mol) and triethyl phosphite < 13 mL, 0.078 mol). The mixture was heated to 
100 S C for 4 hours, Excess of tiethyl phosphite was distilled off. The crude 
product was purified by column chromatography on silica gel using 10:90 
acetone:methyletie chloride as an eluent to give light orange solid which -was 
recryslaliized from hexane to give pure product as off-white needle like crystals 
5.0 g (51 "/.yield). 'H NMR (CDCIj) 5 (ppin): 0.92 (t, J = 7.0 Hz, <>H), 1.15 ft, J 
= 7.0 Hz, 12H), 1.34-1.53 (m, 12H), 1.79-1.89 <tn, 4H), 3.71 (d, J - 22.0 Hz, 2H), 
3.91 -3.96 (m, 8H), 4.10 (t, J= 6.<5 Hz, 4H), 7.28 (d, J = 9.5 Hz, 2H), S.02 (d, J = 
9.5 Hz, 2H); "C NMR (CDC1,): 13.99, 16.25, 16.33,22.60,25.78,29.68,31.64, 
61.75, 61.84, 69.41, 1 13.73, 1 13.88, 114.66, 114.70, 125.12, 125.20, 128.78, 
152.81; M.p.lOI-102°C; FD-MS: m/z 628 (tvf). 

Example 18: synthesis of 2,6-dibromo-l,5-bis(hexyIoxy)nnplitha]ene 
(compound 18) 

1,5-Dihydroxynaphthaleue (20.0 g, 0.125 mal) was dissolved in 
400 mL of acetic acid and cooled to 0 °C. To this solution was added bromine 
(40. 1 g, 0. 250 mol) dropwise. The reaction was stirred at room temperature for an 
hour after addition and cooled in ice bath. The crystals were collected by 
filtration, washed with water, and dried to give light gray solid 2,6-dibromo-l ,5- 
dihydroxynaphthalene-36.1 g {90% yield). The product (36.0 g, 0.1 14 mol) was 
mixed with sodium methoxide (13.0 g, 0.24 mol), and iodohexane (50.0 g, 024 
mol) in 320 mL of methanol. The mixture was refluxed overnight and cooled to 
room temperature. The dark solid was collected, washed with water and 
methanol, and dried. The crude product was dissolved in methylene chloride and 
then passed through, a short pad of silica gel to remove the dark polar impurities. 
The product was then recrystallized from methanol to give white flaky crystals 
25.5 £ (60% yield). 'H NMR (CDCIj) 8 (pprn): 'H NMR (CDC1 3 ) 5 (ppm): 0.93 
(t, J = 6.8 Hz, 6H), 1.36-1.41 (m, 8H), 1.55-1 .60 (m,4H), 1.88-1.98 )m, 4H), 4.06 
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(t, J - 6.6 Hz, 4H), 7.58 (<L J = 9.0 Hz, 2H), 7.73 (J = 9.0 Hz, 2H); l3 C NMR 
{CDClj): 14.03,22.61,25.69, 30.23, 31.69, 74.62, 1 13.73, 1 19.31, 130.11, 131.03, 
148.04,152.86; M.p. 41-43 "C; FD-MS : m/z 48G (M*). 

Example 19: synthesis of l,6-bis(hexyloxy)niphthalene-2,6-dlcarboxaldehyde 
(compound 19) 

Compound 18 (13.0 g, 0.027 mol) was dissolved in 1 1 0 raL of 
anlrydrous THF and cooled to -78 °C under dry nitrogen. To this solution was 
added slowiynBuLi solution (2.5 M in hexane, 32 mL, 0,080 mol) via a syringe to 
maintain the temperature lower than -60 °C. After addition the solution was 
stirred at -78 °C for lh. Anhydrous DMF (17 mL, 0.2 L mol) was added via a 
syringe. The reaction was stirred at room temperature overnight. The reaction 
was quenched with water and extracted with ether (3x100 mL). The organic phase 
was washed with brine and dried over MgSO«. After removal of the solvent the 
crude product was recrystallized from hexane to give 6.72 g of product as light 
yellow powder (65% yield). 1 H NMR. (CDCh) 5 Q>pm): 0.93 (t, J - 6.7 Hz, 6H, 
CH 3 ), 1 ,37- 1 .42 (in, 8H, alkyl), 1 .55 - 1 .60 (m, 4H, alkyl), 1 .95 -2.00 (m, 4H, 
allcyl), 4. 1 5 (t, J = 6.7 Hz, m, OCH 2 >, 7.92 (d, J - 8.8 Hz, 2H, naphlhyl), 7.89 (d. 
J = 8.8 Hz, 2H, naphthyl), 10.60 (s, 2H, CHO); !3 C NMR (CDClj): 14.0 1, 22.59, 
25.65,30.25,31.63. 79.50, 119.53. 123.69, 127.51, 133.19, 161.56, 189.51; M.p. 
50-52 °C; FD-MS: m/z 384 (M T ). 
Example 20: synthesis of l,5-bis(hexyloxy)-2,<5- 
bU(hydroxyrnethyL)naphthaIene (compound 20) 

To 30 mL of methanol and 20 mL of methylene chloride was added 
sodium boron hydride (1 SO g, 50 mmol) at 0 °C. The mixture was stirred for 10 
min and dialdehyde compound 19 (3.25 g, 8.4 mmol) dissolved in 10 mL of 
methylene chloride was added slowly through an additional funnel. The reaction 
was stirred at room temperature overnight and quenched with 30 mL of 1 M KOH 
and stirred for 30 min. The reaction was extracted with methylene chloride 3 
times, washed with water, and dried over MgSO». The crude product was an off- 
white solid and was pure enough for next step, 2.9 1 g (88% yield). 'H NMR 
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(CDClj) 5 (ppm): 0.93 (1, J = 6.8 Hz, 6H, CH 3 ), 1 ,37-1 .42 (m, 8H, alkyl), 1 .51- 
1.58 (m, 4H, alkyl), 1.87-1.97 (m, 4H, alkyl), 2.19 (s, br, 2H, OH), 4.00 (t, J = 6.7 
Hz, 4H, OCHj). 4.S8 (s, 4H, bemylie), 7.50 (d, J = S.6 Hz, 2H, naphthyl), 7.84 (d, 
J = 8.6 Hz, 2H, naphthyl). 

£xampeI21: synthesis of 2,<-bis(bromoroetb.yi)-l,S-bis(hexylaxy)naphthaleae 
(compound 21) 

Dialoohol compound 20 (2.90 g, 7.5 mmol) was dissolved in 15 
mL of anhydrous THF and cooled to 0 °C. To this solution was added PBr 3 { 1 .7 
mL, I S mmol) in 5 mL of THF. The reaction was stirred at room temperature 
overnight, quenched with water, and extracted with ether. The crude product was 
purified by column chromatography on silica gel using 5:95 etherhexane as an 
eluent to give light yellow crystal 2.61 g (68% yield). 'H NMR (CDC1 3 ) 5 (ppm): 
0.94 (I, J = 6.8 Hz, 6H, CH 3 ), 1.39-1.44 (m, 8H, alkyl), 1.55-1.62 (m, 4H, alkyl), 
1.92-2.01 (m, 4H, alkyl), 4. 10 (t, J = 6.6 Hz, 4H, OCHj), 4.73 (s, benzylic, 4H), 
7.49 (d, J - 8.7 Hz, 2H, naphthyl), 7.84 (d, J = 8.7 Hz, 2H, naphthyl). M.p. 58-60 
°C. 

Example 22: synthesis of t,5-bis(hexyloxy)-2,6- 
r)is(methyIcnediethylphospltate)naplitluilene (compound 22) 

Ditttomo compound 21 (2.50 g, 4.9 rnmol) and triethyt phosphite (2 
mL, 12 mmol) were mixed and heated at 1 00 °C for 4 h. The crude product was 
recrystallized from hexanc to give while crystals and the mother liquor was 
purified by column chromatography on silica gel using 20:80 acetone:hexane as an 
eluent. Total yield 2.34 g (76 % yield). *H NMR(CDC1 3 ) S (ppm); 0.94 (t, J = 
6.8 Hz, 6H, CHA 1.26 (t, J = 7.1 Hz, 12H, CH 3 ), 1.38-1.43 <m, 8H, alkyl), 1.53- 
1.63 (m, 4H, alkyl), 1.88-1.98 (m, 4H, alkyl), 3.39 (d, J =21.7 Hz, 4H, OCH 2 ), 
3.99-4.12 (m, 8H, POCH2), 7.S5 (d, J - 8.8 Hz, 2H, naphthyl), 7.79 (d, J= 8.8 Hz, 
2H, naphthyl); "c NMR (CDC!;,): 13.9B, 16.28, 1635, 22.59, 25.77, 26.14, 
27.99,30.40, 31.72. 61.97, 62.06, 75.09, 1 18.14, 120.62, 120.72, 128.30, 128.30, 
129.12, 153.51, 153.53, 153.64; M.p. 48-50 °C; FD-MS: m/z 628 (IvT). 
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Example 23: synthesis of 9,9'-dih.exj-lfluoreae (compound 23) 

Fluotene (23 .0 g, 0. 14 raol) was dissolved in 200 mL of anhydrous 
THF and cooled to -78 "C. To this solution was added slowly n-SuU (2.5 M in 
hexane, 65 mT^ 0. 1<S mol) and the red solution was stirred at low temperature for 
an hour. n-Hexyl hromidc (27 .4 g, 0. 1 7 mol) dissolved in 20 inL of THF was 
added lo the above solution. The reaction was stirred at low temperature for 2 
hours and n-BuLi (2.5 M in hexane, 65 mL» 0.16 mot) was added again and the 
reaction was stirred for an hour. After that, n-hexyl bromide (27.4 g, 0. 17 mol) 
was added and the reaction was left stirring overnight. The green reaction was 
quenched with water, and the yellow solution was extracted with ether. The 
combined organic phase was dried ever MgS0 4 . The crude product was purified 
by vacuum distillation to yield pure product 42.3 g (93% yield) as dear viscous 
oil. l H NMR (CDCli) 8 (ppm): 0.57-0.66 (m, 411), 0.75 (t, J = 6.7 Hz, 6H), 0.86- 
0.90 (m, 4H), 1.02- 1 .11 (m, 8H), 1.91-1 .97 (m, 4H), 7.28-7.34 (m, 6H), 7.67-7.69 
(m, 2H); !1 C NMR (CDCI 3 ): 13.97, 22.57, 23.74, 29.73, 3 1.50, 40.42, 55.02, 
119.62, 122.83, 126.67, 126.96, 141.13, 150.69. 

Example 24; synthesis of 2,7-bis(broinoniethyD-9,9'-di(hcxyl)fluorenc 
(compound 24) 

Compound 23 (1 5.0 g, 0.045 mol) and paraformaldehyde (13.5 g, 
0.45 mol) were dissolved in 90 mL of 30% HBr in acetic acid. The reaction was 
stirred at 70 °C overnight The mixture was poured into 200 mL of water and 
extracted with methylene chloride. The etude product was purified by column 
chromatography on silica gel using hexane as an eluent to yield 1 1.2 g of pale 
yellow viscous oil. 'H NMR (CDC1 3 ) 5 (ppm): 0.58-0.65 (m, 4H), 0.75 (t, J = 6.7 
Hz, 6H), 1.03-1.11 (m, 12H), 1.92-1.98 (in, 4H), 4.57 (s, 4H), 7,32-7.35 (ra, 4H), 
7.61 (d, J= 7.7 Hz, 2H); l3 C NMR (CDCtj): 13,96, 22.45, 23.65, 29.51, 31.34, 
34.32,40.07, 55.14, 120.02, 123.66, 127.93, 136.91, 140.74, 151.66. 
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Example 25t synthesis of 2,7-bis(cyanomcth.vl)-9 ) 9'-di(hexyl)fluot-eiie 
(compound 25) 

Compound 24 (6.85 g, 0.01 3 mol) was dissolved in 50 mL of 
acetonitrile. To this solution was added potassium carbonate (4.55 g, 0.033 mol), 
diraethylcyano hydrirte{3,0 mL, 0.033 mol), and 0.15 gof crown-18-G. The 
reaction was stirred at room temperature overnight. The reaction was diluted with 
water, and extracted with ether. The crude product was purified by column 
chromatography on silica gel using 10:90 ethyl acctate;hexane as an elnent to yield 
pure product as white crystals 2.8 g(51%yield). 'II NMR (CDCb) 5 (ppm): 
0.58-0.65 (m, 4H), 0.75 (t, J= 6.7 Hz, 6H), 1,05-1.15 (m, 12H). 1.93-1.99 (m, 
411), 3.84 (s, 4H), 7.28-7.32 Cm, 4H), 7.68 (d, J = 7.7 Hz, 2H); n C NMR (CDC1 3 ): 
13.96, 22.54, 23.73, 23.91, 29.58, 31.46, 40.23, 55.46, 120.43, 122.42, 126.81, 
128.93,140.32,151.97; M.p. 70-72 °C; FD-MS; m/z 412 (M + ). 
Example 26: synthesis of 3-{2-ethyIhexyl)thIophene (compound 26) 

Dry magnesium turnings (10.2 g, 0.42 mol) and 40 mL of 
anhydrous THF were placed in a tkrce-necked round-bottomed flask. A crystal of 
iodine was added to initiate the Grignard reaction. 2-Ethylhexyl bromide (79.0 g, 
0.41 mol) in ] DO mL of anhydrous THF was then added dropwise to magnesium 
turnings. After the addition, the reaction was heated to reflux for 1 h, then cooled 
down to room temperature, and diluted with 100 mL of THF. In another flask 
were added 3-bromothiophene (50.0 g, 0.3 1 mol), [ 1 ,3- 

bis(diphenylpho&phino)propane]dich]oronickel (1.7 g, 0.003 mot), and 1 00 ml of 
THF and the flask was cooled in an ice-balh. The Grignard reagent was added to 
the above solution via a cannula. After stirring at room temperature overnight, the 
reaction was quenched with 2N HC1, extracted with ethyl ether. The combined 
organic phase vvjia washed with brine and dried over MgSO,. The crude product 
was purified by column chromatography on silica gel using hexane as an duent to 
give 27.5 g pure product as light yellow liquid (46% yield). l H NMR (CDClj) & 
(ppm); 0.84-0.89 (m, 6K), 1.19-1.33 (m, 8H), 1.53-1.57 (m, 1H), 2.56 (d, J = 6.8 
Hz, 2H), 6.87-6.90 (m^H), 7.19-7.23 (m, 2H); ,3 CNMR (CDCh): 10.S6, 14.12, 
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23.05, 25.70, 28.95, 32.58, .34,40.46, 120.64, 124,79, 128.80, 141.93; FD-MS: 
m/z 196 (M~). 

Example 27: synthesis of 2,5-bis(biomomethjl)-3-(2-ethylhexyl)thi*pIienc 
(compound 27) 

Compound 26 (7.0 g, 0.036 mol} and paraformaldehyde (2.57 g, 
0.O86 mol) were dissolved in 3 mL of acetic acid and HBr solution (30% in acetic 
acid, 0.088 mol, 1 3 mL) . The reaction was stirred at room temperature under 
nitrogen overnight. The reaction was diluted with 200 mL of ethyl ether, washed 
with water, saturated NaHCOj solution and brine. After the advent was removed, 
9.6 g of light brown oil was obtained (70% yield) which was almost pure and used 
for next step reaction with further purification. ! H NMR (CDCIj) 5 (ppm): 0.84- 
0.91 (m,6H), 3.19-1.33 (m, BH), 1.53-1.61 (m, 1H), 2.45 (d, J -12 Hz, 2H),4.63 
(s, 4H), 6.81 (s, 1H); l3 C NMR (CDClj): 10.89, 14.09, 23.01, 25.33, 25.89, 
26.66,28.90,32.73,40.25. 130.49. 133.51, 140.00, 141.96; FD-MS: m/z 380 
(M f ). 

Example 28: synthesis of 2,5-bis(mcthylcnediethy[phosphate)-3-(2- 
cthylhexyl)thioprienc (compound 23) 

Compound 27 (9.6 g, 0.025 mol) and triethyl phosphite (10,8 mL, 
0.063 mol) vreic placed in a 1 00-mL round-bottomed flask and heated to 100 °C 
for 4 hours. The crude product was purified by column chromatography on silica 
gel using 25 :7S acetona-hexane as an eluent to give 9.0 g of light yellow oil (72% 
yield). 'H NMR (CDClj) 5 (ppm): 0.82-O.S9 (m, 6H), 1.25-1.31 (m, 20H), 1.47- 
1.55 (m, 1H),2.42 (d,J = 7.1 Hz, 2H), 3.1 9-3.29 (rn,4H), 4.01-4.1 1 (m, 8H), 6.70 
(s, 1H); "C NMR (CDC1 3 ): 10.90, 14.10, 16.38, 16.45, 16.46, 23.08, 25.70, 
28.98, 32.66, 32.69, 32.70, 40.48, 40.48, 125.63. 129.37. 129.47, 139.91; FD-MS: 
m/z 496 (M*). 

Example 29: synthesis of N-p-ethylhexyQcarbazoIe (compound 29) 

To athicc-neckedflask were added 300 mL of anhydrous THF and 
NaH (6.0 g, 0.25 mol). To this suspension was added carbazole (33.4 g, 0.2 mol). 
The reaction was heated to 50 °C for 15 min and then txoled to room temperature, 



43 



(78) 



#P 2002-93582 



2-Ethylhexyi bromide (48.3 g, 0.25 mol) in 50 mL ofTHF was added slowly to 
the reaction. The reaction was heated under reflux overnight and cooled to room 
temperature. Most of the solvent was removed under reduced pressure and 300 
mL of water was added to the residue. The mixture was extracted with methylene 
chloride and (he combined organic phase was dried over MgSQj. The crude 
product was purified by column chromatography on silica gel using 7:93 ethyl 
acetate:hexane as an eluent to give light yellow viscous oil 46.0 g (82% j-ield). 'H 
NMR (CDC1 3 ) 5 (ppm): 0.82-0.90 (ra, 6H, CH 3 ), 1 .26-1 .36 (m, 8H), 2.00-2.09 (m, 
1H), 4.1 1 (dd, J, = 7.7 H 2> h = 1.9 Hz, 2H), 7.17-7.45 (in, 6H>, 8.07 (d, J = 7.8 
Hz, 2H). 

Example 30; synthesis of NK2-ethyIhexyl)-3,8-ffirormylcarbazole (compound 
30) 

To a 1 -L round-bottomed flask were added 2 1 5 mL of anhydrous 
DMF and 110 mLof dichloroethane and the solution was cooled to 0°C. To this 
solution was added slowly phosphorous oxychloride (128 mL, 1.4 mol). The 
mixture was stirred at room temperature for an hour and cooled to 0 C C. 
Compound 29 (20.0 g, 0.072 mol) was dissolved in 30 mL of dichloroethane and 
added to the above mixture. The reaction was heated to 90 "C overnight, cooled 
to room temperature, pouted into 2 L of water, and extracted with methylene 
chloride. The combined organic phase was washed with water, saturated NaHCOj 
solution and brine, and dried over MgS0 4 . The crude product was purified by 
column chromatography on silica gel using 1 0:90 ethyl acctate:hexaae to give pure 
product as off-white solid, 'h NMR (CDC1,) 5 {ppm}: O.B2-0.87 {m, GH. CH 3 ), 
1.26-1.43 (m, 8H), 2.03-2.10 (m, 1H), 4.27 (d, J = 7.5 Hz, 2H), 7.54 (d, J - 8.5 
Hz,2H), 8.09 (d, J = 8.5 Hz, 2H), 8.68 (s,2H), 10.14 (s,2H). M.p. 109-111 °C 

Synthesis of Polymers 
Example 31. General procedure for a Horner-Emmnns reaction: 

Equijnolar dicarboxyaldehyde and diphosphate monomers were 
dissolved in anhydrous THF under nitrogen. To Ihis solution was added 2.5 
equivalent of Nail. Thereactiun was stirred at room temperature overnight under 



44 



(79) 



WIS 2002-93582 



nitrogen. Smalt amount of benzaldehyde was added to endcap phosphate 
cndgroup. The polymer was precipitated into methanol, filtered, re-dissolved in 
chloroform and precipitated twice more from methanol. The resulting polymer 
was dried under vacuum at 45 "C overnight. 
Example 32. Genera] procedure for a Knoevenagcl reaction: 

Equirnolar dicarboxyaldehyde and dicyano monomers were 
dissolved in a mixed solvent of 1: 1 anhydrous THF and t-butyl alcohol under 
nitrogen. To this aolution was added catalytic amount ofpotassium t-butoxide. 
The reaction was stirred at room temperature overnight under nitrogen. The 
polymer was precipitated into methanol, filtered, re-dissolved in chloroform and 
precipitated twice ftom methanol. The resulting polymer was dried under vacuum 
at 45 °C overnight 

EL Device Fabrication and Performance 

Example 33 

An EL device satisfying the requirements of the invention was 
constructed in the following manner. The organic EL medium has single layer of 
polymer thin film. 

a) An indium-tin-oxide (ITO) coated glass substrate was sequentially 
ultra-sonicated in a commercial detergent, rinsed with deionized water, 
degreased in toluene vapor and exposed to ultraviolet light and ozone 
for a few minutes. 

b) A toluene solution of a polymer was filtered through a 2 fim Teflon 
filter. The polymer solution was then spin-coated onto ITO under a 
controlled spinning speed, The thickness of die polymer film was 
between 500-700 Angstroms. 

c) On the top oftoe polymer film was deposited a cathode layer of 2000 
Angstroms thick consisting of a 10: 1 atomic ratio of Mg and Ag. 

The above sequence completed the deposition of the EL device. 
The device was then hernietically packaged in a dry glove box for protection 
against ambient environment. 
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Table 1 summarizes (he characterization of the polymers prepared 
according to the present invention. The synthesized polymers show high T g and 
T,j. Absorption and emission spectra were obtained from dilute solutions and 
photoluminesuen.ee (PL) spectra from sol id thin films of the polymers and EL 
spectra from ITO/polymcr/MgiAg EL devices. The fabrication of EL devices was 
illustrated in example 33. FIGS. 4 and 5 show the absorption, emission, PL and 
EL spectra of polymers 17 and 70 respectively. The voltage-current characteristics 
of the EL device of polymer 17 is shown In FIG 6. 

Table 1. Characterization of polymers according to Examples. 



Polymer 



M».* 



T £ (°C) 



T d PC) 



Absorption 



Emission 
(Xnuu, run) * 



ELOwnin) 



75 



17400 



17 



4270 



NO 

80 



389 



434 



486 



500 



331 



361 



470 



480 



10 



33900 



NO' 



345 



406 



493 



ND ' 



21 



11200 



114 



70 



9630 



NO 



39800 



NO 



15 



20600 



NO 



119 



8190 



149 



45 



9740 



91 



356 



403 



476 



500 



397 



371 



486 



500 



391 
391 



441 



485 



ND 



373 



488 



ND 



392 



361 



472 



ND 



344 



429 



476 



500 



111 



8160 



1G8 



390 



437 



577 



ND 



77 



184000 



175 



390 



430 



530 



572 



114 



79800 



128 



388 



409 



497 



540 



91 



1S1O0 



119 



393 



374 



508 



620 



weight average molecular weight, determined by size exclusion chromatography 
in trichlorcbenzene using polystyrene standard. * measured in solution c not 
observed ■* not determined. 
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4. Brief Description of Drawings 

HO. 1 illustrates in cross-section a bi-layer EL device which can 
use a polymer in accordance with the present invention; 

FIO. 2 illustrates s cross-section of a modified bi-layer EL device 
which can use a polymer in accordance with the present invention; 

FIG. 3 illustrates a cross-section of a single-layer EL device which 
can use a polymer in accordance with the present invention; 

FIG. 4 illustrates the absorption, emission, and photoluminescence 
spectra of polymer 1 7 and electroluminescence spectrum of single-layer EL device 
fabricated from polymer 17; 

FIG. 5 illustrates the absorption, emission, and photoluminescence 
spectra of polymer 70 and electroluminescence spectrum of single-layer EL device 
fabricated from polymer 70; and 

FIG. 6 illustrates fee voltage-current density and luminance 
characteristics of a single-layer EL device fabricated from polymer 1 7. 
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PARTS LIST 

1 0 substrate 

20 anode layer 

30 hole transport layer 

40 electron transport layer 

50 EL medium 

60 • cathode 

100 substrate 

200 anode 

300 hole transport layer 

400 emissive layer 

500 etectron transport layer 

600 EL medium 

700 cathode 

1000 substrate 

2000 anode 

3000 emitting layer 

4000 cathode 
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CO 




FIG. 3 
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INTENSITY lau) 




MTEENSfTY iau) 
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120 




VOLTAGE (V) 



FIG. 6 
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1. Abstract 

An electroluminescent device includes an anode, a cathode, and a 
polymer luminescent material disposed between the anode and cathode, the 
polymer luminescent material includes diphenylanthracene-based conjugated 
polymer of the following formula: 




wherein: 

substituents R u Rj, R3, and R4 are each individually hydrogen, or alkyl or 
alkoxy of from 1 to 24 carbon atoms; aryl or substituted aryl of from 6 to 28 
carbon atoms; orheteroaryl or substituted heteroaryl of from 4 to 40 carbons; and 
R 5 and R« are independently hydrogen, alkyl group of from 1 to 24 carbon atoms, 
or aryl or substituted ary] of from 6 to 28 carbon atoms, or heteroaryl or 
substituted heteroaryl of from 4 to 40 carbons, or a cyano group and Ar is an aryl 
or substituted aryl of from 6 to 40 carbon atoms; or a heteroaryl or substituted 
heteroaryl of from 4 to 40 carbons. 
2. Representative Drawing 

Fig. 1 



